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The objective of this dissertation was to test different inclusion rates of dried distillers grains 
with solubles (DDGS) with or without enzyme supplementation.  Study one was conducted to 
test DDGS at 0, 5, 10, 15, 20, or 25% on egg production parameter (24 through76 wk). As 
DDGS increased, egg wt. decreased during Phase I.  However; no difference in egg wt. was 
observed during Phase II.  Yolk color linearly increased with increasing DDGS level.  Nitrogen 
and P retention increased as DDGS increased.  Nitrogen and P excretion decreased with 
increasing DDGS.  Study two was conducted to test DDGS inclusion of 0, 2.5, 5.0, 7.5, 10.0, or 
12.5% in pullet chicks from day-old to 16 wk and their effect on growth performance.  Average 
feed intake and overall pullet weights were similar.  As DDGS increased, BW increased only in 
14, 15 and 16 wk.  Study three was conducted to test the effect of 5 levels of DDGS (0, 10, 20, 
30 or 40%) and two levels of Allzyme SSF enzyme (0, 0.02%) in a 5 X 2 factorial arrangement 
on egg production parameters.  Diets containing the enzyme at 0.02% had nutrient credit of 75 
Kcal/kg ME, 0.1% Ca and 0.1% available P.  No significant interaction effect for egg production 
parameters.  Feed intake and egg production were similar during Phase I & II.  During Phase I 
and II, egg mass was decreased as DDGS increased. There was no difference in interior egg 
quality.  Specific gravity decreased in Phase II as DDGS increased.  Whereas, a linear increase in 
specific gravity as the enzyme in Phases I and II increased.  Yolk color increased with increasing 
  
DDGS.  A linear increase in N and P retention was observed as DDGS increased.  In summary, 
our results indicated that feeding DDGS to laying hens and pullets is possible at higher inclusion 
rates if attention is given to AA balance and availability.  Allzyme SSF enzyme improved N and 
P digestibility and assisted in recouping a 75 kcal/kg ME.  
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Chapter 1 
Literature Review 
1.1. Introduction  
Distillers dried grains with solubles (DDGS) is not a new ingredient for poultry, having 
been available for many decades as a by-product of the brewing industry.  Historically, DDGS 
have been viewed as a by-product, with little nutrition value, thus little attention has been given 
to marketing and research.  In addition, there has been little interest in feeding corn DDGS to 
poultry, mainly because of the product high fiber content of 3.5 times compared to corn 
(Morrison, 1954).  It has been recognized that DDGS is a valuable source of energy, protein, 
water soluble vitamins, and minerals for poultry (Potter, 1966; Runnels, 1966; Jensen, 1978, 
1981; Waldroup et al., 1981; Parsons and Baker, 1983; Wang et al., 2007) as well as a good 
source of xanthophylls (Runnels, 1957) and linoleic acid (Scott, 1965).  Use of DDGS in poultry 
diets has been limited to 5%, due to limitations such as supply and pricing of the product 
(Waldroup et al., 1981) as well as variability in nutrient content and digestibility (Noll et al., 
2001). 
In the past, moderate quantities of DDGS were produced and sold locally.  The majority 
of DDGS produced by the beverage industry was fed to beef and dairy cattle operations.  The 
Clean Air act amendment in 1990, which promoted the use of ethanol blend at ten percent with 
gasoline increased production of ethanol, and as a result the availability of DDGS (Adam, 2008, 
Zurong, 2008).  The Renewable Fuel Association reported 30.5 million metric tons of DDGS 
were produced in 2009/2010 compared to 12 million metric tons in 2006 (RAF, 2011).  With 
increasing DDGS production, local commodity markets may be saturated making DDGS an 
attractive low cost ingredient to replace corn and soybean meal in poultry diets (Adam, 2008).  
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The increase in the number of ethanol plants and difference in processing methods used 
among plants has resulted in nutritionally variable DDGS products.  Variations in chemical 
composition of DDGS have been reported by Knott et al., (2004), Shurson (2005), and Behnke 
(2007).  Differences in dried distillers grains with solubles may can be associated with 
processing methods, type of ethanol plant design (old vs. new generation), and storage capacity 
(Charles, 2007).  Variations in nutrient contents may create difficulty in feeding poultry and least 
cost formulation (Bregendahl, 2008).  In order to understand the possible impact of new 
processing technologies used to produce DDGS it is important to review the nutrient consistency 
and other characteristics of DDGS.  The DDGS (Dakota Gold® BPX™) used in our experiments 
came from one of the new generation plants characterized by its nutrient consistency and nutrient 
availability (Table 1). This product used is a new generation of ethanol co-product that uses 
grinded corn in a ‘raw starch hydrolysis’ process called BPX.  The traditional cooking stage is 
eliminated in this process and selected enzymes used to breakdown the starch prior to 
fermentation (Robinson et al. 2008).  
2.1. DDGS Production  
The ethanol industry is one the fastest developing sectors in the United States.  With 
recent incentives from the government to produce alternative and efficient fuel from grain 
sources, ethanol plant construction increased around the U.S. and more specifically in the 
Midwest (Reilly, 1979).  Ethanol production in 2010/2011 is predicted to grow to 13.00 billion 
gallons compared to 2.1 billion gallons were produced in 2002 as declared by U.S. Department 
of Energy (RAF, 2011).  In addition, Dooley (2008) reported expansion in ethanol production 
because of the 2007 Energy Independence and Security Act mandate to increase to 15 billion 
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gallons of starch based ethanol by 2015.  This has resulted in a rapid growth in DDGS 
production, with an expectation of more than 30 million tons of DDGS to be produced by 2011 
(RFA., 2011). 
Most of the ethanol produced in the U.S. originates from corn as the feedstock. Corn 
usage has increased from 6% in 2000 to 24% in 2008 to produce ethanol and it is expected to 
range from 30 to 35 percent over the next decade ( Westcott, 2009).  In addition, over 98% of the 
fermentation by-products available today are from fuel ethanol production using corn grain as 
the stock material (University of Minnesota, 2008a).  The USDA-ERS 2010 report, reported that 
4.7 billion bushels were used to produce ethanol in the United States in 2009.  Ruminant animals 
use the majority of ethanol by-products in their diets as wet distillers grains (WDGS) however, 
an estimated of 3.2 million metric tons of corn DDGS are available for use in both ruminant and 
non-ruminant diets (University of Minnesota, 2008a).  
There are two distinguished methods for processing corn to produce ethanol, wet-milling 
or dry grind-milling (Davis, 2001; Dooley, 2008).  The majority of corn based ethanol (around 
60%) is produced by dry grind-milling while, the remaining (40%) is produced by wet milling 
ethanol plants.  The wet milling plants produce wet or dried corn gluten feed, corn gluten meal 
and corn germ meal as the primary by-products.  The by-products of the dry grind-milling 
process are wet and dried distillers grains with solubles, modified “wet cake”, and condensed 
distillers (University of Minnesota, 2008a).  Both the world oil crises in 1970’s and clean air 
legislation have contributed much to expanding the dry milling industry (Davis, 2001).  
A brief overview of ethanol production using the conventional dry grind-milling process 
to produce corn Dried Distillers Grains with Solubles (DDGS) is presented in Figure 1.  In 
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general, the first step is cleaning the corn grain to reduce contamination, and foreign materials. 
Then, washed corn grain is ground using a hammer mill.  After that water is added to the corn to 
make a slurry, in which alpha-amylase enzymes are added, to break the alpha 1-4-glucosidic 
linkages releasing dextrin, glucose, maltose, maltotriose, and tetroses in a process called 
“liquefaction”. As a result, the pH (5-6 pH) is adjusted.  Then the slurry is jet-cooked at 
temperatures ranging from 90° to 165°C (194° to 329°F) to remove lactic acid bacteria, and to 
reduce or eliminate microorganisms that may be present in the kernel.  Then, the cooked slurry is 
cooled down to 32°C (90° F) to prepare for the addition of glucoamlyase enzyme that converts 
dextrin into the simple sugar dextrose.  Dextrose and amylase are then fermented into ethanol 
(ethyl alcohol) and carbon dioxide using yeast (Saccharomyces cerevisiae), and using a 
molecular sieves, the ethanol is removed from the resulting “fermented mash” through 
distillation.  The fermentation process is completed in 40-60 hours.  After the ethanol is distilled 
off the fermented mash, the whole stillage (water, protein, fat and fiber) is centrifuged to separate 
the wet grains (or wet cake) from the thin stillage.  Solubles (or syrup) are produced from the 
thin stillage through evaporation and condensation to form corn condensed distillers solubles 
(CDS).  Corn DDGS is finally produced at this step by adding a portion or all of the solubles to 
the wet cake followed by drying in a rotary-kiln or a ring drier at temperatures ranging between 
127° and 621°C (260° and 1,150°F) (Wright, 1987; Davis, 2001; Kelsall and Lyons, 2003; 
Power, 2003). 
On average, one bushel of corn (with an average weight of 25.4 kg (56 lbs)) fermented in 
a dry, grind-milling, ethanol plant, produce approximately 10.22 liters (2.7 gallons) of ethanol, 
8.16 kg (18 lbs) of DDGS and 8.16 kg (18 lbs) of carbon dioxide (Davis, 2001).  This means less 
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corn starch and the nutrient contents of corn DDGS is concentrated by a factor of three compared 
to its original corn grain (Shurson et al, 2005).  Dried distillers grains with solubles contain all 
the nutrients contained in corn grain except the starch, which has been removed; DDGS on 
average contains approximately 27% crude protein, 10% oil, and 0.8% phosphorus (Bregendahl, 
2008).  Since the majority of ethanol plants use the dry grind-milling process, corn DDGS or 
WDGS are the major by-products available for livestock.  The official AAFCO (2007) definition 
for DDGS is: “Distillers Dried Grains with Solubles is the product obtained after the removal of 
ethyl alcohol by distillation from yeast fermentation of a grain or a grain mixture by condensing 
and drying at least ¾ of the solids of the resultant whole stillage by methods employed in the 
grain distilling industry.” Depending on the ethanol plant, there may be a number of variations 
on the production process.  For example, some plants remove the oil-rich germ and fiber rich 
hulls prior to fermentation to improve ethanol yield, while others exclude the jet-cooking 
process, or remove the oil from the thin stillage.  These different processing techniques may 
result in different by-products (Bregendahl, 2008).  In addition, sorghum, a blend of corn with 
barley, or wheat may be used in the ethanol plant to make ethanol and distillers grains with 
solubles, which basically depends on the geographical location, cost, and availability of these 
grains relative to corn (Shurson et al, 2005).  Most ethanol plants add all of the condensed 
solubles produced to the grains fraction, while others may include less solubles to the grains 
fraction before drying (Shurson and Noll, 2005).  Some ethanol plants use solubles as a fuel 
source for the ethanol plant.  This may affect the nutrient composition of the resulting by-product 
produced (Shurson et al, 2005; Bregendahl, 2008).  
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With the increase of ethanol production in the U.S., millions of metric tons of DDGS are 
available for livestock feed (Noll et al., 2007).  It is estimated that DDGS production will reach 
30 million metric tons by the year 2010 (Shurson, 2003).  This encourages the use of DDGS at a 
higher percentage than has typically been used in the past.  In addition, with increasing corn 
prices, the interest in using DDGS in poultry diets has also escalated.  In order to understand the 
variation and the nutrient characteristics of DDGS and the impact of new processing conditions 
on nutritional quality of DDGS, it is important to review the product and its nutrient value to 
poultry. 
2.2. Nutrient characteristics and value of DDGS    
As it was mentioned earlier, the nutrient characteristic of DDGS may vary from one plant 
to another and from region to region.  Nutrient characteristics of DDGS are affected by the 
original corn composition.  Reese and Lewis (1989) reported that corn produced in Nebraska in 
1988 ranged in crude protein from 7.8 to 10%, in lysine content from 0.22 to 0.32%, and in 
phosphorus content from 0.24 to 0.34%.  In addition, the corn fractions destined to be present in 
the final DDGS (Belyea et al., 1998), the processing conditions (Belyea et al., 2004), including 
drying temperature and duration (Sphiehs et al., 2002) and the amount of solubles that are added 
back to the product (Batal, 2007) can affect the nutrient characteristics of DDGS.  According to a 
study conducted by Spiehs et al. (2002), the largest proportion of the variation in the nutrient 
content of DDGS is due to the crop used, percent of dried solubles added back to DDGS, and the 
completeness or duration of the fermentation process. 
7 
 
2.2.1. Metabolizable Energy content 
Metabolizable Energy (ME) is a term used to describe the energy (heat) content of a 
feedstuff, the total energy content of the feedstuff minus the total energy content of the feces and 
urine (NRC, 1994).  True ME nitrogen-corrected (TMEn) is determined by taking into account 
endogenous energy losses in the feces that originate from the fasted bird.  Because of the 
correction for endogenous energy losses, values for TMEn are usually greater than the 
corresponding apparent ME (AME) values (NRC, 1994).  The most common procedure used to 
evaluate the energy content of DDGS is the precision-fed rooster assay developed by Sibbald 
(1976, 1986).   
Many studies have been conducted to evaluate the energy content of DDGS samples 
produced from ethanol plants throughout the United States.  Lumpkins, et al., (2004) reported 
TMEn content of a single DDGS sample to be 2,905 kcal/kg, in a broiler feeding study.  In a 
DDGS feeding study with laying hens, Lumpkins, et al., (2005) reported a TMEn of 2,805 
kcal/kg. Batal and Dale (2006) collected 17 different DDGS samples from six different ethanol 
plants to determine the TMEn content.  The determined TMEn contents ranged from 2490 to 
3,190 kcal/kg with a mean of 2,820 kcal/kg, being close to the TMEn estimate in the NRC (1994) 
of 2,480 kcal/kg for DDGS on 86% DM basis and 9% fat.  Five samples of DDGS were obtained 
from five different ethanol plants to investigate TMEn by Fastinger et al., (2006).  The authors 
reported that the TMEn content of the five DDGS samples ranged from 3047 to 2484 kcal/kg.  A 
large variation in TMEn values of 20 DDGS samples was also reported by Parsons et al. (2006). 
The results showed that the mean TMEn value was 2,863 kcal/kg with ± 447 kcal/kg variations.  
A review paper by Waldroup et al. (2007) summarized the results from different publications to 
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suggest a nutrient matrix for DDGS and its potential use in poultry feed.  Waldroup et al. (2007) 
reported that the average TMEn value of 43 DDGS samples was 2,851 kcal/kg (Table 1).  
Roberson et al. (2005) reported the AME of a single DDGS sample using laying hens to be 2770 
kcal/kg.  It seems that the AME determined by Roberson et al., (2005) compared to the TMEn 
value determined for DDGS sample was 4% lower, which is similar to the relationship between 
AME (3,350 kcal/kg) and TMEn (3,470 kcal/kg) in corn grain reported by NRC (1994) (Table 1).  
In another approach to determine TMEn, the researchers looked at the relationship 
between gross energy of DDGS and TMEn.  Fastinger et al. (2006) reported both gross energy 
and TMEn contents of five samples of DDGS with an average of 4,900 and 2,871 kcal/kg, 
respectively.  The result suggested that the TMEn of DDGS was near 60% of its gross energy 
content.  One sample of DDGS in Fastinger et al. (2006) study was lower by 9%, so predicting 
TMEn of DDGS from its gross energy content is a challenging.  The National Research Council 
(NRC, 1994) listed ME prediction equations for various feed ingredients, including DDGS, 
based on chemical composition.  Batal and Dale (2006) reported that the prediction of TMEn 
content in DDGS by fat content was the best indicator (R2 = 0.29). This could be true because the 
solubles contain over three times as much oil as do wet grains, and the rate of solubles added 
during the DDGS manufacturing process is directly related (R2 = 0.88) to the DDGS TMEn 
content (Noll et al., 2007a; Noll et al., 2007b).  The oil content in corn DDGS has been reported 
to vary from 2.5% to 16% (Batal and Dale, 2006; Parsons et al., 2006; University of Minnesota, 
2008b).  
Researchers have also investigated a relationship between color of DDGS (lightness (L*), 
redness (a*) and yellowness (b*)) and TMEn value.  Two studies conducted by Noll et al. (2007a; 
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2007b) reported a negative correlation between the degree of lightness (L* values) of DDGS and 
the rate of solubles addition, which suggest that darker DDGS have a greater content of TMEn.  
However, Fastinger et al. (2006) reported a moderate linear relationship (R2 = 0.52, n=10) 
between the degree of lightness and the TMEn content of DDGS.  The differences in the TMEn 
and L* values reported by Noll et al. (2007a, b) and Fastinger et al., (2006) studies were due to 
the source of DDGS samples, in which Noll et al. (2007a; 2007b) obtained DDGS from a single 
ethanol plant were the solubles addition rate was experimentally varied; whereas Fastinger et al. 
(2006) obtained DDGS from different commercial ethanol plants.  Bregendahl (2008) agreed that 
the diverse relationships between L* and TMEn regarding the color of DDGS is not a reliable 
indicator of energy content in DDGS.  Several ethanol plants have developed modifications in 
the process of ethanol production to produce high protein dried distillers grain (HP-DDG) 
(Shurson, 2003).  In a recent study, Kim et al. (2008) reported TMEn contents of conventional 
DDGS and HP-DDG (Table 1).  The TMEn content of conventional DDGS and HP-DDG was 
3554 and 2957 kcal/kg, respectively.  This indicates that HP-DDG contained about 17% less 
TMEn than the DDGS used in the study, which more likely because of a combination of less oil 
(2.9 vs. 10% fat) and more protein (44.1 vs. 25.3% CP) in HP-DDG compare to conventional 
DDGS.  In another data set representing the nutrient composition of Dakota Gold HP (HP-DDG), 
and Dakota Gold BPX (DDGS) by Poet Nutrition Company, showed similar trends in ME 
content, were shown with 2681 and 2800 kcal/kg respectively, (a 4% difference). 
2.2.2. Protein and Amino acids   
Early data showed that DDGS may be used as the sole source of protein in rat diets if 
supplemented with lysine and tryptophan (Hughes and Hauge, 1945).  Sloan (1941) reported that 
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approximately 12% of the total protein in poultry diets may be supplied by DDGS.  Harms et al. 
(1969) reported that DDGS provided 0.4% methionine in a laying hen study.  Hughes and Hauge 
(1945) and Joseph et al. (1942, 1943) reported that protein content and palatability may be 
improved by growing yeast in the stillage process of DDGS.  Most previous research was 
conducted using DDGS from the beverage industry, while recently more research has been 
conducted on DDGS from corn fermentation and the ethanol industry. 
Generally the nutrients in DDGS are concentrated 3 times compared to corn, the expected 
crude protein (CP) for corn DDGS is from 23 to 25% CP as corn grain contains in average 
between 7 to 9% CP.  The protein content of DDGS has been reported to vary between 25 and 
30% (Spiehs et al., 2002; Batal and Dale, 2006; Fastinger et al., 2006; Urriola et al., 2009).  This 
wide range is likely due to differences in the protein content found in corn grain or differences in 
fermentation efficiency used to produce DDGS (Bregendahl, 2008). Often, the percentage of CP 
in DDGS seems to be higher than the calculated values from its original grain CP values.  This 
may be related to the yeast used in the production of DDGS (Hughes and Hauge, 1945).  Belyea 
et al., (2004) suggested that yeast protein may make up about 50% of the protein in DDGS; 
however, this value overestimates the CP present in DDGS that may originate from yeast.  
Martinez-Amezcua (2005) reported that nearly 10% of the protein in DDGS originated from 
yeast.  
The amino acid content in DDGS may also vary.  For instance, methionine as the first-
limiting amino acid in poultry; has been reported to range from 0.41% to 0.65% in DDGS 
(Spiehs et al., 2002; Evonik, 2005; Martinez-Amezcua et al., 2005; Fastinger, et al., 2006).  
Martinez-Amezcua (2005) conducted a digestibility study using 20 DDGS samples from ethanol 
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plants in Minnesota, and reported that methionine digestibility to range from 85 to 92%, with a 
mean of 88%.  This is in close agreement with Pahm et al. (2008), who reported methionine 
digestibility to range from 83.6 to 88.8% with a mean of 87.8%.  Other studies, Batal and Dale 
(2006) and Fastinger et al., (2006) have reported that true digestibility of amino acids in DDGS 
varied significantly among ethanol plants and it could potentially vary from batch to batch within 
the same ethanol plant.  Bregendahl (2008) suggested that the amino acid content of DDGS is 
among the main reasons for including DDGS in poultry diets.  
The main reason for the variation in amino acid digestibility is the drying process 
(Fontaine et al., 2007).  Differences in drying techniques, temperatures, and times can cause 
inconsistency.  Removing unwanted microbial contamination by pre-cooking corn grain may be 
responsible for a portion of the heat damage (Bregendahl, 2008).  Lysine is considered one of the 
most susceptible amino acids to heat damage during the drying process of DDGS (Bregendahl, 
2008).  Low total lysine content and digestibility in DDGS is more likely due to partial heat 
destruction of lysine during the drying process (Cromwell et al., 1993; Fontaine et al., 2007; 
Martinez-Amezcua et al., 2007).  Basically, Maillard reaction occurs due to heat as the epsilon 
amino group on lysine reacts with reducing sugars causing lysine to be unavailable to the bird 
(Araba and Dale, 1990).  Batal and Dale (2006) used eight DDGS samples to study true 
digestibility of lysine using the cecectomized rooster assay; the authors reported that lysine 
digestibility ranged from 46% to 78%, with a mean of 70%.  Though A.A. digestibility was 
different for all amino acids, the variation for lysine digestibility among DDGS samples was the 
greatest (Bregendahl, 2008).  Fastinger et al., (2006) reported variation in amino acid 
digestibility among five different DDGS samples, he reported that lysine digestibility ranged 
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from 65% to 82%, and appeared to be correlated with total lysine content in DDGS.  As lysine 
digestibility varies, other amino acid digestibility also varies (Bregendahl, 2008).  Batal and Dale 
(2006) reported true cystine digestibility to vary substantially in 17 DDGS samples with a range 
of 62.6-87.6%. Waldroup et al., (2007) reported a literature review of true amino acid 
digestibility value for DDGS (Table 2).  
The reactions between amino acids and sugars create the dark color characteristic of 
DDGS (Bregendahl, 2008).  This may be used as a rough guide for the extent of heat damage to 
amino acids and the cause of lowered amino acid digestibility (Cromwell et al., 1993; Batal and 
Dale, 2006; Fastinger et al., 2006).  A number of researchers (Ergul et al., 2003; Batal and Dale, 
2006; Fastinger et al., 2006) have shown that the color of DDGS (lightness (L*), and yellowness 
(b*)) were correlated with amino acid digestibility.  In general, samples of DDGS with a lighter 
and more yellow color (greater L* and b* values, respectively) tend to have greater amino acid 
digestibility values and greater true digestible lysine (Figure 2).  Digestibility of lysine in golden 
DDGS (light color) may reach over 80%; whereas in darker DDGS (dark color) lysine 
digestibility may be lower than 60% (Ergul et al. 2003).  Fastinger et al., (2006) reported that 
when color score of DDGS was measured by a colorimeter, it reached a certain threshold 
(lightness between 28 and 34), in which amino acid availability may be reduced.  Darker DDGS 
color is in general is reflective of overheating in the drying process.  Roberson et al., (2005) 
indicated that when chicks were fed 15% or less golden DDGS, lysine digestibility was not 
negatively affected.  
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2.2.3. Phosphorus   
Dried distillers grains with solubles is also considered to be an economic source of 
available phosphorus (Noll et al., 2003).  Non-phytate P content is greater in DDGS with higher 
relative P bioavailability than the original corn source (NRC, 1994; Martinez Amezcua et al., 
2004; Martinez Amezcua and Parsons, 2007).  Corn grain on average contains approximately 
0.3% phosphorus (NRC, 1994).  The phosphorus in corn is present as phytate P and ranges from 
0.17 to 0.29 g per 100 g dry matter representing 72% of total P (NRC, 1994).  In general, poultry 
are unable break down phytate in corn, because birds lack the enzyme phytase to free the phytate 
phosphorus (McCuaig et al., 1972).  Phosphorus content in DDGS ranges from 0.59 to 0.95% 
(Spiehs, et al., 2002; Batal and Dale, 2003; Martinez Amezcua et al., 2004, 2006; Stein et al., 
2006).  This variation in phosphorus content is in part related to corn grain and starch residue in 
the DDGS (Reese and Lewis, 1989; Bregendahl, 2008), as well as the rate of solubles added to 
the wet grains prior to drying (Martinez Amezcua et al., 2007; Noll et al., 2007a; Noll et al., 
2007b).  Phosphorus bioavailability in DDGS was estimated to range from 54 to 68% by 
Lumpkins and Batal (2005); or about 67 to 69% relative to di-potassium hydrogen phosphoric 
acid (KH2PO4) by Martinez Amezcua et al. (2004, 2006).  
As with amino acid digestibility, the total phosphorus content of DDGS may be predicted 
to some extent by looking at the color of DDGS.  Noll et al. (2007a, b) showed that the addition 
of solubles to DDGS was associated with a darker color (low L* values) and a greater 
phosphorus content (R2 = 0.96 and 0.98, respectively).  Phosphorus bioavailability appeared to 
be inversely correlated with lysine digestibility, and the researchers suggested that the degree of 
heat damage (which reduces lysine digestibility) may improve phosphorus bioavailability 
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(Martinez Amezcua et al., 2004).  In addition, P bioavailability in DDGS might be increased by 
heat processing, autoclaving or oven drying; however, this will also likely reduce amino acid 
digestibility as reported by Martinez-Amezcua and Parsons (2007).  In a study by Martinez-
Amezcua et al. (2006), phosphorus bioavailability improved with dietary inclusion of citric acid, 
releasing 0.05-0.07% of phosphorus in DDGS.  
The phosphorus content of DDGS may also be affected by the fractionation method used 
in the plant (Martinez- Amezcua et al., 2007; Kim et al., 2008) and, most probably, subsequently 
so does P bioavailability (Bregendahl, 2008).  The phosphorus content of HP-DDG is reported to 
be lower than that of DDGS (Kim et al., 2008).  However, there was no difference in relative 
phosphorus bioavailability of HP-DDG compare to DDGS (Kim et al., 2008).  
2.2.4. Other Minerals and Xanthophyll 
Nutrients are concentrated three times in DDGS through removal of starch during the 
fermentation process of corn as discussed earlier.  Batal and Dale (2003) discussed that the NRC 
(1994) reported higher levels of sodium in DDGS compared to their finding, and they tested 12 
commercial DDGS samples and observed a large degree of variation in sodium content with a 
range of 0.09 to 0.44%; calcium and sulfur followed a similar pattern as sodium (Martinez 
Amezcua, 2005).  Further research by Parsons et al. (2006) reported greater variation for calcium 
and sodium content among DDGS samples.  
Xanthophyll content can vary in DDGS because of heat destruction during drying. 
Roberson et al., (2005) reported difference in xanthophyll content in two DDGS samples, in 
which he observed around 30 ppm of xanthophyll in one sample, compared to only 3.5 ppm in 
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another sample.  NRC (1981) reported xanthophyll content in corn DDGS as 10.62 mg/kg, 
whereas 34 mg/kg was reported by Sauvant and Tran, (2004).  
3.1. DDGS Application in Poultry 
Traditionally, DDGS has been fed mainly to ruminants due to a high fiber content (6.4 
%), variability of nutrients and bioavailability of some nutrients, mainly lysine (Cromwell et al., 
1993; Shurson, 2003).  Ethanol plant by-product production and use is one of the hottest topics in 
the livestock and poultry industries as new technologies evolve to produce DDGS resulting in 
higher feeding values for poultry.  Dried distillers grains with solubles coming from new plants 
may have higher nutrient availability than old traditional DDGS, making it more suitable to 
poultry and swine diets, as a cost effective replacement for corn and soybean meal (Zurong, 
2008).  Current recommended inclusion levels for laying hens, broilers, and turkeys are, 15%, 
10%, and 15% respectively.  Higher inclusion rates of DDGS may be used, but required more 
attention to adjust amino acid and energy levels (Noll, 2005).   
3.1.1. Distillers Dried Grains with Solubles in Laying Hens Diet.  
Early studies with distillers by-products (beverage DDGS) showed inclusion rates up to 
20% in laying hen diets without any negative effects on production parameters when 
supplemented with lysine (Matterson et al., 1966).  Jensen (1973) conducted two studies to 
evaluate beverage DDGS in laying hens.  The first study demonstrated that DDGS did not affect 
egg production, egg weight, feed intake or feed efficiency when fed at 2.5, 5.0, 10% or 10% plus 
0.025% lysine in a corn-based diet.  However, liver fat was reduced with increasing levels of 
beverage DDGS.  Jensen (1973) conducted a second study for a 30 week period to compare 
wheat and corn based diets with 2.5 and 5% DDGS.  In this study, egg weight was significantly 
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improved when hens were fed 2.5 or 5% DDGS in a corn-based diet or 5% DDGS in a wheat 
based diet.  
In 2005, Roberson et al. tested two different samples of DDGS in laying hen diets.  The 
goldenrod DDGS were fed from 48 to 56 weeks of age (Exp. 1); whereas the brown DDGS were 
fed from 58 to 67 weeks of age (Exp. 2) to laying hens.  Dried distillers grains with solubles was 
included at 0, 5, 10, or 15% of the diet in both experiments.  Egg production, egg weight, egg 
mass and specific gravity were not affected by DDGS level during most periods of production.  
However, there were a few time periods that showed linear decreases in egg production at 52-53 
wk of age, a decrease in egg weight at 63 wk of age, and a decrease in egg mass at 51 and 53 wk 
of age and specific gravity at 51 wk of age as DDGS levels increased up to 15% DDGS.  Neither 
feed consumption nor feed conversion ratio were affected in either study.  Yolk color was 
investigated and showed during all periods a linear increase between yolk color (Roche color 
fan) and yolk redness (a*) as DDGS increased in the diets.  Roberson et al. (2005) concluded that 
DDGS may be fed as levels high as 15% to laying hens if birds had been introduced to lower 
levels of DDGS previously. 
Lumpkins et al. (2005) evaluated 4 different diets that contained either 0 or 15% corn 
DDGS with two levels of nutrient formulation, either recommended or low nutrient for laying 
hens.  Diets were fed to white leghorn hens from 21 to 43 weeks of age.  The first two diets were 
formulated to meet commercial standards (2,871 kcal/kg TMEn, and 18.5% protein), while the 
other two diets were low-density diets (2,805 kcal/kg TMEn, and 17% protein).  Hens fed the 
commercial diet with 15% DDGS showed no significant effects on hen-day egg production, egg 
weight, body weight, specific gravity, egg haugh unit, feed consumption, feed efficiency, or yolk 
17 
 
color compared to hens fed the commercial diet at 0% DDGS.  However, in the low-density diet, 
hens had lower egg production, and higher feed efficiency when fed 15% DDGS.  The authors 
related the reduction in hen-day egg production in the 15% DDGS low-density diet to a 
deficiency of lysine or other amino acids.  Lumpkins et al. (2005) suggested that 15% DDGS 
may be above the recommended levels in laying hens diets due to lower numeric egg production 
noticed in the DDGS study; and that 10 to 12% DDGS would be the ideal inclusion rate for 
commercial laying hens.   
The effect of higher inclusion rates of corn DDGS was further investigated by 
Świątkiewicz and Koreleski (2006) on laying hen performance and egg quality.  Lohman brown 
hens were housed from 26 to 68 weeks of age and fed five inclusion rates of DDGS (0, 5, 10, 15, 
or 20%).  The diets were formulated to be isocaloric (2734.26 Kcal/kg ME) and isonitrogenous 
(17% protein).  Phase one (26-43 wk of age) showed no significant effect on egg production, 
daily egg weight, feed intake or feed conversion when DDGS was fed up to 20%.  However, 
20% DDGS negatively affected egg production and daily egg weight compared to other DDGS 
treatments during phase two of production (44-68 wk of age).  During both phases, albumen 
height, haugh units, and eggshell thickness were not affected by DDGS treatments.    
Świątkiewicz and Koreleski (2006) formulated a practical recommendation of using up to 15% 
corn DDGS without negatively effecting hen egg production parameters. 
When feeding 10% of corn DDGS in laying hen rations beneficial effect have been 
reported using Hy-Line W-36 laying hens by Roberts et al. (2007a, b).  The studies were 
conducted to evaluate the inclusion of 10% DDGS and other fiber sources on NH3 emission from 
laying hen manure (45-58 wk of age, 2007a) and hen egg production parameters (23-58 wk of 
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age, 2007b).  The NH3 emission study revealed that DDGS included at 10% decreased NH3 
emission by 49% compared to the control treatment (corn, soybean meal basal diet).  In the 
production study, 10% DDGS had no negative effects on egg production, egg weight, egg mass, 
body weight or feed intake.  No difference was detected in nitrogen excretion among treatments; 
though, hens fed 10% DDGS had higher N intake.  
Higher inclusion rates of corn DDGS in laying hens diet was reported by Pineda et al. 
(2008).  The experiment was conducted to examine if there would be any influence of including 
increasing levels of DDGS (0, 23, 46, or 69%) on egg production or egg quality.  The diets were 
fed for 8 weeks after a 4 week transition period.  As levels of DDGS increased, egg weight 
increased; however, egg production decreased linearly during the 8 week period.  Egg mean 
mass was unchanged and the overall mean egg output was not significantly different.  Higher 
levels of DDGS increased feed intake; but, egg haugh units, egg composition, and specific 
gravity, were not affected.  Pineda et al. (2008) concluded that laying hens could be fed diets 
high in corn DDGS, such as 69%, without adverse effects on egg production and egg quality.  
But the authors advised that energy and nutrient contents of all feed ingredients should be 
considered when formulating diets containing DDGS as well as digestible amino acid.  
A brief summary of the previous studies; Roberson et al. (2005), Lumpkins et al. (2005) 
and Świątkiewicz and Koreleski (2006) recommend a usage rate of 15% DDGS in laying hen 
diets to maintain egg production.  Bregendahl (2008) reported that the laying hen industry in the 
Midwest utilizes between 5 to 20% DDGS due primarily to savings in feed costs.  Bregendahl 
(2008) extended the rate from 15 to 20% DDGS as a maximum inclusion limit.  Pineda et al. 
extended Bregendahl’s point of view, by reporting that up to 69% DDGS could be fed without 
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altering overall egg production.  There were agreements in previous research that including 
dietary DDGS in laying hen diets had no negative effect on interior egg quality (haugh unit, 
albumen height), or exterior egg quality (specific gravity, shell strength) (Lumpkins et al., 2005; 
Roberson et al., 2005; Pineda et al., 2008; Świątkiewicz and Koreleski, 2006).  In addition, yolk 
color was positively affected by increasing DDGS inclusion by Roberson et al. (2005), Roberts 
et al. (2007b), Świątkiewicz and Koreleski (2006), and Pineda et al. (2008).  
3.1.2. Commercial Pullets: 
Early feeding studies reported using distillers grain solubles (DGS) for growing pullet 
(Insko, 1949).  Barred Rocks and New Hampshire breed were used in the pullet growing periods 
and production periods.  Percent of DGS was not reported in this study.  Pullets fed DGS had 
lower average body weight compared to hen’s fed meat scraps; however, Barred Rocks raised on 
DGS had higher egg production than those raised on meat scraps.  In addition, Insko (1949) 
added that feeding a combination of meat scraps and DGS was highly satisfactory from a growth 
and production standpoint.  
Further information has been reported on corn DDGS for broiler breeder replacement 
pullets by Couch (1966, 1967).  Three hundred-fifty broiler breeder replacement pullets were 
used and assigned to three different dietary treatments.  The experimental grower diets were as 
follows: diet one contained corn and soybean meal basal diet, diet two contained corn and 37% 
corn DDGS, and diet three contained ground milo and soybean meal.  The diets were formulated 
to contain 15% CP and lysine at 0.70, 0.40, and 0.76% respectively and fed from 9 to 25 weeks 
of age.  The pullets were monitored during growing, hatching and egg production periods.  
Couch (1966) reported that pullets fed corn DDGS had higher egg production and egg weight 
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compared to the other dietary treatments.  In addition, DDGS treatment had a better feed 
conversion ratio compared to the other treatments.  Hatchability of fertile eggs did not differ 
among the three dietary treatments.  The investigators concluded that broiler breeder replacement 
pullets fed DDGS during the grower period had better egg production, egg weight, and feed 
conversion during the subsequent laying periods.  Little to no research on the effects of feeding 
corn DDGS to pullets has been reported or published recently.  The laying-hen industry in the 
Midwest includes DDGS in pullet diets up to about 15%, depending on availability and relative 
price (Bregendahl, 2008).  More research is needed to investigate the acceptability of higher 
DDGS inclusion rates in pullet diets.  
3.1.3. Enzyme Supplementation of Diets with DDGS 
The goal of exogenous enzyme supplementation in poultry diets is to improve nutrient 
digestibility of low quality feeds and to diminish anti-nutrient factors and to reduce nutrient 
losses in excreta, as well as potential reduction in feed cost (Coata et al., 2008).  Enzyme 
supplementation of poultry diets is well documented in the scientific literature.  Examples of 
enzymes used in poultry diets include: amylase (Jiang et al., 2008), protease (Ghazi et al., 2003; 
Wang et al., 2008), xylanase (Mathlouthi et al., 2002; Cowieson et al., 2005), beta-glucanase 
(Mathlouthi et al., 2002), cocktails of enzymes activities (Cowieson and Ravindran, 2008a, b) 
and phytase (Jalal and Scheideler, 2001; Martinez Amezcua et al., 2006; Liu et al., 2008a, b). 
Since distillers grains by-products are high in fiber content, investigating enzyme 
supplementation of poultry diets containing DDGS has been explored.  Świątkiewicz and 
Koreleski (2006) tested a cocktail of non-starch polysaccharides (NSPs) hydrolyzing enzymes 
having activity for amylase, β-glucanase, pentosanase, hemicellulase, and pectinase in a 20% 
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DDGS laying hen diet from 26 to 68 weeks.  Hens fed 20% DDGS without enzyme 
supplementation had decreased egg performance by 0.05%, but when the NSPs enzymes were 
supplemented, egg performance was increased by 0.04% compared to no enzyme 
supplementation.  Świątkiewicz and Koreleski (2006) theorized that adding NSP enzymes in 
diets containing DDGS may partly remove the negative effect of high fiber content.  
Another study with multi-enzyme supplementation (amylase-phytase-protease-xylanase) 
was reported by Moran and Lehman (2008).  Diets were formulated with 10% DDGS or 3% 
alfalfa and fed to male broiler chicks for an 8 week period.  The authors noted more 
improvement in weight gain when DDGS was fed and more improvement in feed conversion 
when alfalfa was fed with enzyme supplementation.  In addition, when the enzymes were fed to 
broilers, the femur bone had superior weight, length and bone breaking strength.  
Shalash et al. (2009) fed 12% DDGS with 3 different enzyme combinations:  xylanase, β-
glucanase, protease, and amylase (E), radish root extract (RRE) (as a source of peroxidase 
enzyme), or E plus RRE to broilers.  The results showed that RRE improved body weight for 
chicks fed DDGS compare to DDGS diet without supplemented enzymes.  The multi-enzyme 
supplements (E) showed no improvement in body weight but were also not different from the 
DDGS treatment without enzyme.  Shalash et al. (2009) concluded that RRE is an appropriate 
feed supplement to improve DDGS utilization and a good source of peroxidase enzyme. 
Improving DDGS utilization by supplementing enzymes is possible.  However, more research is 
needed to investigate the new ethanol technologies by-products and enzyme supplementation in 
poultry diets.  
Dried distillers grains with solubles is a good source of energy and nutrient for poultry 
diets. Previous research viewed DDGS as an acceptable ingredient in poultry diets.  Yet, there are 
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some variation in energy and nutrient contents among and within the ethanol co-products and the 
research recommended levels of inclusion in poultry diets are not solid, further studies are needed to 
investigate DDGS higher inclusion rates from previous recommended levels in laying hen diets. 
Little to no research on the effects of feeding corn DDGS to pullets has been reported or 
published recently. More research is needed to investigate the acceptability of higher DDGS 
inclusion rates in pullet diets. In addition, research is needed to investigate a balance in nutrients 
when formulating poultry diets with DDGS and possible enzyme supplementation. 
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5.1 Tables and Figures    
 
Table 1.1 Distillers dried grains with soluble ingredients composition (Dakota 
Gold® BPX™)* 
Item Value (as fed basis) Analyzed** 
Dry matter, % 90.5 89.9 
Crude protein, % 27.0 27.1 
Crude fat, % 10.3 10.8 
Crude fiber, % 6.4  
Metabolizable energy (ME), 
kcal/kg  
2800  
ADF% 8.2  
NDF% 24.1  
Phosphorus, % 0.85  
Sodium, % 0.22  
Arginine, % 1.31  
Lysine, % 0.97  
Methionine, % 0.51  
Cystine, % 0.86  
Leucine, % 3.02  
Isoleucine, % 0.97  
*Data obtained from Poet Nutrition (September, 2008). 
http://www.dakotagold.com/products/dakotagold.asp. 
** Analyzed sample at Non-ruminant lab, University of Nebraska-Lincoln.  
 
 
  
33 
 
Table 1.2 Chemical composition of corn and Distillers grains by-products 
from fuel-ethanol plant production (as-fed basis)  
Item                              Corn Grain1                Corn DDGS2          Corn DDGS3             Corn 
HP-DDG4        
                                                                                  Percentage (%)  
Dry Matter 89.0 89.0 86.0 91.7 
MEn (kcal/kg)5 3350 2770*** 24801 - 
TMEn (kcal/kg)6  3470 2851 2820 2682 
Crude protein 8.50 26.5 27.0 39.6 
Crude fat 3.80 10.1 8.8 3.6 
Crude fiber 2.20 7.00 6.6 7.5 
ADF7 2.83 - 11.8* 11.2 
NDF8 9.63 - 43.6* 22.2 
Total Phosphorus  0.28 0.77 0.74** 0.44 
Available  P - 0.48 0.64** - 
Sodium .020 0.20 0.11** 0.13 
Calcium .020 0.07 0.06* 0.02 
Potassium 0.30 0.85 - 0.43 
Sulfur 0.08 - 0.84**** 0.81 
Total Arginine 0.38 1.09 1.09 1.41 
Total Histidine 0.23 0.68 0.69 1.08 
Total Lysine 0.26 0.73 0.71 1.12 
% Digestible  
Lysine 
81.7***** 75.0** 69.6 - 
Total Methionine 0.18 0.50 0.54 0.93 
Total Cystine 0.18 0.54 0.56 1.32 
TSA9 0.36 1.04 1.10 2.25 
Total Theronine 0.29 0.96 0.96 1.53 
Total Tryptophan 0.06 0.21 0.20 0.33 
Total 
Phenylalanine 
0.38 1.31 1.31 2.15 
Total Leucine 1.00 3.00 3.05 5.09 
Total Isoleucine 0.29 0.96 0.67 1.35 
Total Valine 0.40 1.30 1.33 1.93 
 
1NRC (1994). 2Waldroup et al. (2007) Review paper that average 43 DDGS samples that 
other researchers have been reported. 3 Batal and Dale (2006), Mean average of 17 samples 
with% ±SD of 181, 2, 2.3, and 0.8, for TMEn (kcal/kg), CP, Crude fat, and Crude fiber 
respectively.   
*Data from Spiehs et al. (2002), ** Data from Lumpkins and Batal (2005). ***Data from 
Roberson et al. (2005). **** Data from Batal and Dale (2003).***** Data from Ajinomoto 
(2006). 
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Figure 1.1 DDGS production by dry milling (Shurson, 2005; Davis, 2001) 
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Figure 1.2 Relationship between the degree of lightness (L* color value) and 
lysine digestibility in corn distillers dried grains with solubles (Data modified from 
Batal and Dale (2006), ♦; and Fastinger et al., (2006), ■. Greater L* values indicate a lighter 
color with values of 0 being completely black and 100 being completely white). 
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Chapter 2 
Dried Distillers Grains with Solubles in Laying Hen Diets 
M. K. Masa'deh, S. E. Scheideler and K. J. Hanford 
Department of Animal Science, University of Nebraska, Lincoln, NE 68588, USA 
ABSTRACT 
A study was conducted to test the inclusion rates of corn dried distillers grains with 
solubles (DDGS) in laying hen diets on egg production (EP) parameters for a full production 
cycle.  Two hundred eighty-eight Bovan Single Comb White Leghorn laying hens were fed diets 
containing 0, 5, 10, 15, 20, or 25% DDGS from 24 to 46 wk and 47 to 76 wk of age for Phase I 
and Phase II, respectively.  The diets were formulated to be isocaloric at 2,775 kcal/kg and 2,816 
kcal/kg ME, and isonitrogenous at 16.5 and 16.0% CP for Phases I & II, respectively.  Nutrient 
retention of both N and P were determined by the indicator methods during Phase II.   Diets were 
replicated with 8 pens/treatment and 6 hens/pen in an unbalanced randomized complete block 
design.  Average daily feed intake (ADFI), EP and overall weight gain were similar among 
treatments during the study.  Egg wt. was (P = 0.064) affected by DDGS treatment during Phase 
I.  Hens fed 0, 5, 10, 15, 20 or 25% DDGS had an average egg w/g of 60.6, 60.4, 60.8, 60.0, 
59.0, and 59.0 respectively.  But, no differences were detected in egg weight during Phase II.  
Yolk color increased with increasing DDGS level with the highest Roche score of 7.2 for hens 
fed 25% DDGS.  Nitrogen and P retention was greater in hens fed 25% DDGS.  Also, N and P 
excretion was decreased as levels of DDGS increased linearly.  In summary, feeding DDGS up 
to 25% during EP cycles had no negative effects on feed intake, EP, haugh units, and specific 
gravity; and improved yolk color at the highest levels.  However, increasing DDGS level beyond 
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15% caused a reduction in egg weight during Phase I of egg production; however, no differences 
were observed in egg weight during Phase II.  Nitrogen and P excretion were lower at higher 
inclusion rate of DDGS.  Hens fed 25% DDGS had the highest N retention.   
Key Words: DDGS Layers, Egg Production  
INTRODUCTION 
Dried Distillers Grains with Solubles (DDGS) is a corn co-product obtained during the 
dry-milling process of corn to produce ethanol after the fermentation of corn starch by selected 
yeasts.  Dried distillers grains with solubles has been available for poultry for many decades 
primarily from the beverage industry.  It has been recognized that DDGS are a valuable source of 
energy, amino acids, water soluble vitamins, and minerals for poultry (Jensen, 1978, 1981; 
Parsons and Baker, 1983; Wang et al., 2007).  The production and supply of ethanol DDGS 
continues to increase (Renewable Fuels Association, 2011); encouraging the use of DDGS in 
poultry diets. 
In 2009, the U.S. production of distiller’s grains for livestock exceeded 25 million metric 
tons (Renewable Fuels Association, 2011).  The poultry industry consumes around 9% of the 
total DDGS; whereas, swine utilizes near 10% of the DDGS, with the majority (80%) fed to 
ruminants (Renewable Fuels Association, 2011)   Feeding greater of DDGS could have a 
significant impact on feed costs for poultry producers due to higher availability of DDGS for 
livestock usage, and the current price fluctuations of feed ingredients, corn and soybean meal 
(Schilling et al., 2010).   
Previous research has shown that DDGS are an acceptable ingredient in laying hen diets.  
Dried distillers grains with solubles can contribute as much as one-third of the protein needed by 
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the laying hen (Roberson et al., 2005).    Roberson et al. (2005), Lumpkins et al. (2005) and 
Świątkiewicz and Koreleski (2006) all recommend a usage rate up of 15% DDGS in laying hen 
diets to maintain egg production. The objectives of our study were to test graded inclusion levels 
of DDGS for laying hens and its effects on feed intake, BW and egg quality parameters for 1 full 
production cycle. 
MATERIALS AND METHODS 
Experimental Diets 
  Six diets were formulated for Phase I and Phase II of egg production according the 
Bovans breeder’s manual (Centurion Poultry, Inc., 2009) recommendation based on 110 g/hen/d 
predicted feed intake and to meet the National Research Council (1994) nutrient requirement for 
laying hens.  The diets were formulated to include 0, 5, 10, 15, 20, or 25% corn DDGS.  
Composition of the 6 diets for both Phases (I and II) are shown in Tables 1 and 2, respectively.  
The nutrient composition of DDGS (Dakota Gold® BPX™)1 used in the study was provided by 
Poet Nutrition (Sioux Falls, SD) from lab analysis.  Dried distillers grains with solubles for 
formulation was assumed to contain 27% CP, 10.3% fat, 2,800 kcal/kg metabolizable energy 
(ME), 0.97% lysine and 0.51% methionine.  Diets were maintained isocaloric to provide 2,775, 
2,816 kcal/kg ME and isonitrogenous to provide 16.5%, 16.0% CP for Phase I and II, 
respectively.  Phase I diets were formulated on a total lysine and TSAA concentration for all 
treatments; whereas, Phase II diets were balanced for a fixed lysine and methionine 
concentration in all treatments allowing TSAA level to drift up due to high DDGS cysteine 
levels.  This change in TSAA formulations was due to an observed decrease egg wt. in Phase I as 
                                                 
1
 Data obtained from Poet Nutrition, http://www.dakotagold.com/products/dakotagold.asp. 4615 North Lewis 
Avenue Sioux Falls, SD 57104 
 
39 
 
DDGS increased and an attempt to meet minimum methionine levels.  Each of the diets was fed 
to 8 replicate pens with 6 hens per pen.  Birds were provided feed (up to 115 g/hen/d) and water 
throughout the study.  Dietary samples were collected during each phase of diet formulation and 
were subsequently ground using a 1-mm screen Tecator cyclotec grinder (1093 Sample Mill, 
Tecator, Hoganas, Sweden) and stored in -20°C freezer until chemical analysis were performed.  
At 75 wk of age, chromic oxide (Cr, 0.1% of the feed) was mixed with dietary treatments as an 
indigestible marker and fed for 1 wk.  Manure samples from each pen were collected for nitrogen 
and phosphorus analysis at the end of the feeding period. 
 Grains (corn and soybean meal), DDGS, and feed additives prices were obtained from 
Agricultural Marketing resource2 and a local farmer co-op for the time period when the study 
was conducted. The average ingredients prices per kg for corn, SBM, DDGS, limestone, Di-
calcium phosphate, fat blend, salt, lysine, methionine and vitamin-mineral premix were, $0.149, 
$0.326, $0.154, $0.046, $0.507, $0.727, $0.099, $2.535, $4.917 and $7.144, respectively. The 6 
diets costs were calculated based on the collective ingredient prices for both Phases I & II and 
presented in Tables 1 and 2 respectively. 
   Birds and Housing 
 Two-hundred eighty eight Bovans White hens were used in this study and were 
randomly assigned to 1 of 6 dietary treatment groups varying in DDGS levels.  The birds were 
obtained from a commercial pullet farm at 18 wk of age. From 18 to 24 wk, a standard Bovan 
(no DDGS) corn soybean meal pre-lay diet based on the Bovan Whites Management Guide 
(Centurian Poultry, Inc, 2009) was fed. Hens were 24 wk of age at the beginning of the study and 
                                                 
2
 Agricultural Marketing resource center, weekly ethanol, distillers grains and corn prices. 
www.extension.iastate.edu/agdm/energy/.../agmrcethanolplantprices.xls 
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were fed the dietary treatments from 24 to 46 wk of age for Phase I and from 47 to 76 wk of age 
for Phase II of egg production.  Birds were housed in the F-research building at the University of 
Nebraska-Lincoln (UNL) Poultry Research Facility.  Hens were maintained on a 16h light: 8h 
dark photoperiod throughout the study.  Cage dimensions (Big Dutchman Inc. Holland, MI, 
49423, stacked deck cages) were 50 × 60 cm, equaling 3,000 cm2 of floor space.  With 6 hens 
per cage, each bird had approximately 500 cm2 of floor space.  Cages were supplied with nipple 
drinkers, 2 per pen and adequate feeder space (8 cm/hen) for all hens.  The study was conducted 
under the approval of the University of Nebraska Animal Care Committee (IACUC).  
Parameters Measured 
  Data collected included daily hen egg production and feed intake throughout the 
production cycles.  One day of egg production was used to measure egg weight every other 
week.  Haugh units (Haugh, 1937) were measured on 3 eggs per pen (with similar weight) on a 
biweekly interval to record albumen height.  Both egg wt and haugh unit were recorded using 
Technical Services and Supplies (TSS) Egg Ware (Chessingham Park, Dunnington, York, YO19 
5SE, England).  Specific gravity was determined by floating collected eggs in graded salt bucket 
solutions ranging from 1.070 to 1.1 in 0.05 space intervals, every other week.  Yolk color was 
measured on a biweekly interval using the Roche Color Fan scale (DSM Nutrition Product, 
Basel, Switzerland) and performed by a trained individual throughout the study.  Hen body 
weight was recorded on a monthly basis by averaging 6 hens weight from each pen.  Hens BW 
gain was calculated by the difference between average final hen weights from the average 
beginning hen weights.  Hen mortality was recorded daily during both Phases (I & II) of the 
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study.  Production parameters such as feed intake and egg production were adjusted for hen 
mortalities for the day mortality occurred and on, based on the total number of hens in the pen. 
Determination of Nitrogen and Phosphorus Retention  
 Diets were mixed with Chromic oxide (Cr, 0.1% of the feed) as an indigestible marker 
and were fed for 1 wk before the fecal collection during Phase II of egg production.  Clean 
excreta (from feathers and feed) were collected after 24 h production period from the plastic 
manure belt under each pen and the samples were placed in aluminum trays.  Wet sample 
weights were recorded and samples were placed in -20°C freezer for 2 d.  Subsequently, excreta 
were freeze dried using a freeze dryer (FTS System, Inc. RT. 209, Stone Ridge, New York).  The 
apparent retention of N and P (using the analyzed Cr, N, and P in the diets and feces) was 
determined using equations for the indicator method described by Schneider and Flatt (1975): 
Nutrient retention = 100 – 100 X ((% Crdiet analyzed in the diet (•) % nutrient analyzed in the 
feces)/ (% Crout analyzed in the feces (•) % analyzed nutrient in the diet)), where; Crdiet is the 
initial Cr concentration in the diet, and Crout is the concentration of Cr in the excreta.   Further, 
the total nutrients excreted per kilogram of DM intake (DMI) were calculated by using the ratio 
of Cr intake to Cr output (Dilger and Adeola, 2006): 
Nutrient output, g/kg of DMI = NcE × (Crdiet/Crout), 
where NcE is the concentration of the respective nutrient in the excreta; Crdiet is the initial Cr 
concentration in the diet, and Crout is the concentration of Cr in the excreta. 
Chemical Analysis 
Diet samples were collected for each diet mixing during both Phases (I and II).  The 
samples were pooled and subsequently ground using a 1-mm screen Tecator cyclotec grinder 
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(1093 Sample Mill, Tecator, Hoganas, Sweden).  All diets were analyzed for Ca (927.02), P 
(965.17), protein (crude) Kjeldahl Method (988.05), and Crude fat (Ether extract) (920.39), 
according to the Association of Official Analytical Chemists (1995). For AA analysis, diet 
samples were hydrolyzed for 20 h (6 N HCl) at 105°C with exception for sulfur AA. Ion-
exchange chromatography was used to separate AA. High Performance Liquid Chromatography 
(HPLC) analyzer contained a cation exchange column that eluted AA using a gradient of lithium 
buffers. Then AA were quantitated fluorometrically using o-phthalaldehyde as the derivatization 
reagent. For methionine and cystine (sulfur amino acids) were determined by ion-exchange 
chromatography of acid-hydrolyzate samples that had been preoxidized with performic acid 
(hydrogen peroxide, 300 g/L:formic acid, 880 g/L, 1:9, vol/vol).  Chromic oxide in diets and 
feces were analyzed according to the procedure described by Williams et al. (1962) using atomic 
absorption spectrophotometry.  
Statistical Analysis 
 Data were analyzed as an unbalanced randomized complete block design using the 
MIXED procedure (SAS, Inst. Inc., Cary, NC, 2008).  Cages were the experimental unit, with 6 
hens per cage. Each treatment was replicated 8 times and cages were blocked by side (north and 
south) and by tier level (1 through 6).  Each block consisted of 8 pens, so more than 1 treatment 
was present in the same block more than once, resulting in an unbalanced design.  Repeated 
measures ANOVA with the factors treatments (the error term being cage within treatment) and 
time (the residual error being the error term) as well as the treatment by time interaction were 
carried out on all production data except body weight gain was not a repeated measures, it was 
calculated based on the difference between final hen body wt. form the start hen body wt.  
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Appropriate covariance structures were chosen based on Akaike information criterion. Response 
curve analysis (polynomial) for production data, nitrogen and P retention and nutrient output to 
level of dietary DDGS were fit. 
RESULTS AND DISCUSSION 
Calculated and analyzed nutrient composition of the experimental diets and diets costs for 
Phase I and Phase II are presented in Tables 1 and 2.  Analyzed dietary CP, Ca, P, lys, met and 
cys were consistent across diets compared to formulated values, except for Phase II when DDGS 
was included at 20%.  Both analyzed CP and Met was higher for this treatment than the 
calculated values which may be due to aberrant sampling error.  When DDGS was incorporated 
in the diet, more synthetic lysine and fat blend were added. However, dicalcium phosphate 
decreased as DDGS increased in the diet. Feeding 25% DDGS to laying hens saved $23.07 and 
$10.94 per metric ton for Phase I and Phase II, respectively compared to 0% DDGS.   
Feed intake and egg production parameters results are shown in Table 3.  Feed intake was 
not affected by dietary DDGS concentration during either phases of egg production with an 
average of 109.4 and 100.8 g/hen/d for Phase I and Phase II, respectively.  The results showed an 
increase in feed intake during Phase I in the early part of the year (January, February and March) 
and feed intake decreased with age (data not shown), as the house temperatures warmed during 
Phase II.  Feed intake results are in agreement with Lumpkins et al. (2005) and Świątkiewicz and 
Koreleski (2006) who also showed no difference in feed intake for hens fed up to 15 or 20% 
DDGS, respectively. Average hen weight gain was similar among dietary treatments for the 
entire production period.  Lumpkins et al (2005) and Shurson et al (2003) also reported that 
feeding DDGS had no effect on hen BW when fed at 15 or 10%, respectively.  
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No differences in hen daily egg production were observed among dietary treatments even 
at greater inclusion levels of DDGS.  Average hen daily egg production was 90.63 and 82.96% 
during Phase I and Phase II (Table 4), respectively.  Our data were similar to Lumpkins et al. 
(2005) and Roberson et al. (2005).  Both authors conducted experiments with laying hens 
incorporating up to 15% DDGS with no negative effect on egg production.  Świątkiewicz and 
Koreleski (2006) reported a reduction in egg production for hens fed 20% DDGS in Phase II of 
egg production, but not for Phase I.  Egg production and feed intake results indicate no negative 
effects of DDGS on hen performance. 
Egg weight was affected (P = 0.06) by DDGS treatments during Phase I of egg 
production (Table 3).  During Phase I, hens fed 0, 5, 10, 15, 20, or 25% DDGS had an average 
egg wt of 60.6, 60.4, 60.8, 60.0, 59.0, and 59.0 g, respectively.  This indicates a trend of 
decreasing egg wt as DDGS increase in the diet.  During Phase II, egg weight was not affected 
by DDGS levels.  The only difference between Phases I and Phase II, was that diets were 
formulated on a fixed lys and TSAA level during Phase I; whereas, during Phase II diets were 
formulated for a fixed lys and met level, allowing TSAA level to drift up  due to higher predicted 
cysteine levels in DDGS (Tables 1 and 2).  The reason for changing A.A concentration was that 
DDGS cysteine levels were not consistent from DDGS when formulating Phase 1 diets for 
TSAA.  For instance, met the first-limiting AA in poultry; has been reported to range from 
0.41% to 0.65% in DDGS samples (Spiehs et al., 2002; Martinez-Amezcua, 2005; Fastinger, et 
al., 2006).  The differences in AA levels and potential bioavailability as well as changing AA 
balance between Phase I and II could have been the reason for egg weight reduction only during 
Phase I.  
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Looking at the interior quality of the eggs, there were no statistical differences in Haugh 
units (Table 3) among the levels of DDGS for the entire egg production period (Phase I and II). 
The higher the Haugh units value the better egg albumen quality. Based on previous studies, 
Hughes and Hauge (1945), Waldroup and Hazen (1978), and Lilburn and Jensen (1984) who 
reported improvement in Haugh units, we expected to see improvement in haugh units. The 
benefit of feeding DDGS to improve haugh units in laying hens were not substantiated by 
Benabdejelil and Jensen (1989) when they fed DDGS up to 30%. Our findings are in agreement 
with Lumpkins et al. (2005), Świątkiewicz and Koreleski (2006), and Pineda et al. (2008), who 
did not show any improvement in interior egg quality when DDGS was fed to laying hens.   
Specific gravity (an indicator of exterior egg quality) was similar among dietary 
treatments during both Phases (I and II).  Specific gravity is a good indicator of egg shell quality 
when the value is around 1.080 or above. Our results indicated average specific gravity of 1.085 
for Phase I and 1.080 for Phase II.  Lumpkins et al. (2005) reported that laying hens fed 15% 
corn DDGS had no negative effect on egg shell specific gravity. While Roberson et al. (2005) 
reported a linear decrease in specific gravity only at 51 wk of age with increasing dietary DDGS 
level when fed from 48 to 56 weeks of age.  Roberson’s observation was very limited to 
conclude the effect of DDGS on specific gravity.  
Egg yolk color increased linearly  (P< 0.0001, Figure 1) as dietary level of DDGS 
increased throughout the study with the greatest Roche color fan score of 7.2 for hen fed 25% 
DDGS.  This suggests that xanthophylls in the DDGS were highly available.  Dried distillers 
grains with solubles provide more xanthophylls than corn with approximately 34 mg/kg (Sauvant 
and Tran, 2004), which is 3 times the corn xanthophyll content of (10.62 mg/kg; NRC, 1981).  
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Apparent N and P retention and nutrient output are presented in Table 4.  A linear 
increase in N and P retention as DDGS levels increased was observed.  The highest inclusion 
rate of DDGS (25%) had the greatest (P <0.001) N and P retention compared to lower levels of 
DDGS. The major portion of N and P retention were most probably supporting egg formation not 
maintenance.   Adeola and Ileleji (2009) reported a reduction in percent N retention for broiler 
chicks fed up to 60% corn DDGS, but their formulation allowed crude protein to increase as 
DDGS increased.  Our data conflict with Adeola and Ileleji perhaps because diets in this study 
were kept isonitrogenous as DDGS increased. 
The P output per kilogram of DMI decreased linearly as DDGS increased (P < 0.0001).  
Total N and P excreted per kilogram of DMI decreased by 14.0, and 14.6% when DDGS was 
included at 25%.  However, N output per kilogram of DMI showed a quadratic effect. Nitrogen 
increased when DDGS increased then decreased with increasing DDGS to 25%.   Our results are 
in disagreement with Leytem et al. (2008) and Applegate et al (2009). Both authors reported 
linear increases in N excreted from broilers chicks as levels of DDGS increased in the diets, due 
to higher overall CP level in broiler compared to layer diets.  However, Roberts et al. (2007) 
reported that providing laying hens with 10% corn DDGS reduced N emission by 51% compared 
to corn-soybean meal diet.  NH3 emission rate determined by N lost in the manure from the 
laying hen’s house. Lower daily NH3 emission rate seen in feeding DDGS diets in Roberts et al. 
(2007) may cause more N to be maintained in the manure, where NH3 volatilization is most 
susceptible in the first few days after manure excretion. 
Previous research has shown that DDGS are an acceptable ingredient in laying hen diets.  
Roberson et al. (2005), Lumpkins et al. (2005) and Świątkiewicz and Koreleski (2006) 
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recommend a usage rate up of 15% DDGS in laying hen diets to maintain egg production.  In the 
current study, results indicated that feeding corn DDGS up to 25% had no negative effect on egg 
production parameters during both Phases.  However, feeding DDGS at 20 and 25% affected egg 
weight in Phase I but not in Phase II.  This was due to changing the AA balance from fixed Lys 
and TSAA in Phase I to fixed Lys and met during Phase II.  Feeding high inclusion rates of 
DDGS is possible if attention is given to AA balance and availability in the diets containing 
DDGS.  In addition, DDGS can replace corn, soybean meal, dicalcium phosphate, and salt in 
layer diets to reduce feed costs, but lysine, fat and limestone percentage increased as DDGS 
increased in the diets. Feeding 25% DDGS had an economical benefit of  $23.07 and $10.94 per 
metric ton for Phase I and Phase II, respectively compared to 0% DDGS.   
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Table 2.1 Experimental diet composition for Phase I (as-fed basis). 
Ingredient                                                   Diet 1         Diet 2       Diet 3        Diet 4        Diet 5         Diet 6  
                                                                                                                   (%) 
Corn  64.07    61.80 59.51 57.25 55.03 52.79 
Soybean meal1, 48% CP  24.42 21.61 18.86 16.14 13.38 10.59 
Dried distiller grains with solubles    0.00   5.00 10.00 15.00 20.00 25.00 
Limestone     8.54   8.68   8.78   8.82   8.86   8.94 
Dicalcium phosphate     1.75   1.64   1.52   1.41   1.30   1.19 
Fat blend     0.60   0.64   0.69   0.74   0.79   0.84 
NaCl    0.32   0.30   0.28   0.26   0.23   0.21 
HCl-Lysine    0.00   0.05   0.10   0.14   0.19   0.23 
DL-Methionine    0.20   0.18   0.16   0.14   0.12   0.11 
Vitamin and mineral premix2    0.10   0.10   0.10   0.10   0.10   0.10 
 
Calculated nutrient composition  
ME3, kcal/kg 2,775 2,775 2,775 2,775 2,775 2,775 
CP, %   16.50   16.50   16.50   16.50   16.50  16.50 
TSAA, %    0.75   0.75    0.75    0.75    0.75   0.75 
Methionine, %    0.47   0.45    0.44    0.43    0.41   0.40 
Cysteine, %     0.28   0.30    0.31    0.32    0.34   0.35 
Lysine, %    0.83   0.83    0.83    0.83    0.83   0.83 
Ca, %    3.70   3.70    3.70    3.70    3.70   3.70 
Non-phytate P, %    0.42   0.42    0.42    0.42    0.42   0.42 
Total P, %    0.63   0.63    0.62    0.62    0.61   0.61 
 
Analyzed nutrient composition4 
CP, %   16.23   16.29   16.40   16.52   16.62   16.92 
TSAA, %    0.73    0.79    0.75    0.78     0.70     0.73 
Methionine, %    0.41    0.45    0.41    0.44    0.39    0.41 
Cysteine, %     0.32    0.34    0.34    0.34    0.31    0.32 
Lysine, %    0.86    0.80    0.83    0.83    0.87    0.87 
EE5 %    3.22    3.75    4.13    4.45    4.83    5.26 
Ca, %    3.57    3.57    3.46    3.71    3.24    3.25 
Total P, %    0.67    0.66    0.64    0.59    0.69    0.66 
Price ($/Metric ton)6 220.25 215.46 210.83 206.12 201.58 197.18 
1Soybean meal incorporated into the diet was high protein (48% CP) soybean meal. 
2Vitamin and mineral Premix provided the following per kilogram: vitamin A (retinyl acetate, 6,600 IU); vitamin 
D3 (2,805 IU); vitamin E (DL-α-tocopheryl acetate, 10 IU); vitamin K3 (menadione dimethpyrimidinol, 2.0 mg); 
riboflavin (4.4 mg); pantothenic acid (6.6 mg); niacin (24.2 mg); choline (110 mg−1); vitamin B7 (biotin, 8.8 
mg−1); and ethoxyquin (1.1 mg/kg). Mn (MnO, 88 mg); Cu (CuSO4, 6.6 mg); Fe (FeSO4, 8.5 mg); Zn (ZnO, 88 
mg); and Se (Na2SeO3, 0.30 mg). 
3ME values for ingredients used in diet formulation were based on laying hens’ requirement in NRC (1994) 
4TSAA values based on total cysteine and methionine.    
5
 Ether extract represent total fat content in the diet. 
6
 Feed prices are calculated when corn, SBM and DDGS priced at $150, $326, $154 /Metric ton respectively. 
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Table 2.2 Experimental diet composition for the Phase II (as-fed basis).   
Ingredient                                               Diet 1       Diet 2       Diet 3        Diet 4        Diet 5         Diet 6  
                                                                                                                (%) 
Corn  62.81 60.36 57.89 55.44 53.00 49.10 
Soybean meal1, 48% CP  23.55 20.98 18.41 15.83 13.20 10.96 
Dried distiller grains with solubles  0.00  5.00 10.00 15.00 20.00 25.00 
Limestone    9.44  9.52  9.61  9.69  9.78 10.33 
Dicalcium phosphate    1.54  1.43  1.31  1.19  1.10  1.10 
Fat blend   2.00  2.03  2.07  2.11  2.15  2.74 
NaCl   0.40  0.38  0.36  0.36  0.34  0.32 
HCl-Lysine   0.16  0.16  0.17  0.17  0.18  0.19 
DL-Methionine   0.00  0.04  0.08  0.11  0.15  0.16 
Vitamin and mineral premix2   0.10  0.10  0.10  0.10  0.10  0.10 
 
Calculated nutrient composition  
ME3, kcal/kg 2,816 2,816 2,816 2,816 2,816 2,816 
CP, % 16.00 16.00 16.00 16.00 16.00 16.00 
Methionine, %   0.44   0.44   0.44   0.44   0.44   0.44 
Lysine, %   0.80   0.80   0.80   0.80   0.80   0.80 
Ca, %   3.70   3.70   3.70   3.70   3.70   3.70 
Non-phytate P, %   0.42   0.42   0.42   0.42   0.42   0.42 
Total P, %   0.59   0.58   0.58   0.57   0.57    0.58 
 
Analyzed nutrient composition4 
CP, %  15.59  15.68  15.69   16.43 *16.95  16.26 
TSAA, %    0.69    0.69    0.68     0.77    *1.02    0.72 
Methionine, %    0.40    0.42    0.43     0.45    *0.68    0.40 
Cysteine, %    0.29    0.29    0.25     0.32     0.34    0.32 
Lysine, %    0.84    0.82    0.82     0.85     0.87    0.83 
EE5,%    4.13    4.59    4.93     5.31     5.93    6.37 
Ca, %    3.84    3.52    3.59     3.24     2.88    3.53 
Total P, %    0.61    0.67    0.57     0.54     0.60    0.57 
Price ($/Metric ton)6 219.36 216.66 214.39 211.04 208.59 208.42 
1Soybean meal incorporated into the diet was high protein (48% CP) soybean meal. 
2Vitamin and mineral Premix provided the following per kilogram: vitamin A (retinyl acetate, 6,600 IU); vitamin 
D3 (2,805 IU); vitamin E (DL-α-tocopheryl acetate, 10 IU); vitamin K3 (menadione dimethpyrimidinol, 2.0 mg); 
riboflavin (4.4 mg); pantothenic acid (6.6 mg); niacin (24.2 mg); choline (110 mg−1); vitamin B7 (biotin, 8.8 
mg−1); and ethoxyquin (1.1 mg/kg). Mn (MnO, 88 mg); Cu (CuSO4, 6.6 mg); Fe (FeSO4, 8.5 mg); Zn (ZnO, 88 
mg); and Se (Na2SeO3, 0.30 mg). 
3ME values for ingredients used in diet formulation were based on laying hens’ requirement in NRC (1994). 
4AA values based on total cysteine and methionine.    
5
 Ether extract represent total fat content in the diet. 
6
 Feed prices are calculated when corn, SBM and DDGS priced at $150, $326, $154 /Metric ton respectively. 
* Aberrant data- Sampling error. 
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Table 2.3 Egg production data Phase I and II: feed intake, BW, egg production, egg weight, Haugh units and 
specific gravity.  
Percent DDGS Feed intake 
(g/d) 
Weight gain3 
(g) 
Egg production 
 (%) 
Egg weight 
(g) 
Haugh units Specific gravity 
 
 I1 II2 I & II I II I II I II I II 
0 109.16   99.58 241.87 92.11 82.40 60.63 63.09 92.42 94.68 1.086 1.080 
5 110.86 102.79 261.75 89.18 83.43 60.42 62.92 92.04 93.47 1.084 1.079 
10 110.26 101.69 239.79 90.68 83.56 60.76 63.32 91.00 93.76 1.085 1.080 
15 108.29   99.67 260.18 89.59 81.90 60.00 61.96 92.15 93.75 1.085 1.078 
20 108.74 101.77 238.83 91.21 85.24 58.96 61.97 92.89 94.25 1.086 1.080 
25 109.16   99.48 189.87 91.01 81.25 59.34 61.97 92.46 95.25 1.085 1.079 
            
SEM4 1.076 1.077 21.624 1.468 1.052 0.488 0.605 0.686 0.598 0.001 0.001 
P- value5 0.550 0.143   0.133 0.827 0.110 0.064 0.334 0.632 0.287 0.121 0.083 
1 Phase I was an average of weeks 24 to 46. 
2 Phase II was an average of weeks 47 to 76. 
3
 Average hen weight gain for the entire production period.  Average hen weight gain is the average of pen (6 hens).  
41Values are means of 8 replicate cages with 6 birds per cage, n=48. 
5P-value represents the linear response for all egg production responses.  There was no significant quadratic effect.      
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Table 2.4 Apparent retention (%) of, nitrogen, phosphorus, and excretion of fecal nitrogen and 
phosphorus from laying hens fed diet containing graded levels of corn DDGS for Phase II of egg 
production.  
 
1Values are means of 8 replicate cages with 6 birds per cage, n=48. 
2
 Linear (L), and quadratic (Q), contrasts among DDGS levels.  
 
 
                            Corn DDGS (%)                                                              P-value 
Item  0 5 10 15 20 25 SEM1 L2 Q2 
Apparent retention (%) 
N 42.79 41.90 46.82 44.38 46.48 51.85 1.644 0.001 0.055 
P 21.79 24.30 24.77 24.40 26.17 28.07 2.127 0.035 0.949 
Nutrient output (g/kg DM intake)  
N  14.05 15.74 14.62 14.99 13.70 12.05 0.723 0.006 0.004 
P 4.72 4.65 4.35 4.64 3.87 4.03 0.186 0.001 0.986 
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Figure 2.1  Average yolk color for laying hens fed diet containing graded levels of Corn DDGS (x access) according to Roche Fan 
Color scale (y access) from 24 to 76 wk of age. Linear increase (P < 0.001) in yolk color score as DDGS levels increase in hen’s diet, 
n=48.    
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Chapter 3 
Dried Distillers Grains with Solubles in Pullets Diets 
M. K. Masa'deh and S. E. Scheideler 
Department of Animal Science, University of Nebraska, Lincoln, NE 68588, USA 
ABSTRACT 
A study was conducted to test the effects of dietary inclusion rate of Dried Distillers 
Grains with Solubles (DDGS) in Single Comb White Leghorn (SCWL) pullet diets on feed 
intake, body weight, and growth performance of pullet chicks.  Four hundred twenty Hy-Line® 
W-36 SCWL pullet chicks were fed diets containing 0, 2.5, 5.0, 7.5, 10.0, or 12.5% DDGS from 
day-old to 16 wk of age.  Starter, grower, developer and pre-lay diets were formulated to meet 
their requirements and fed from day-old to 6 wk, 7 to 9 wk, 10 to 15 wk and 16 wk respectively. 
DDGS were provided by Dakota Gold® and contained 2,798 kcal/kg ME and 26.7% CP.  Fifteen 
chicks were placed per cage with 5 replicate cages per dietary treatment in a randomized 
complete block design.  Feed intake and body weight were measured every wk.  Average feed 
intake was similar among treatments with a comparable feed intake to the Hy-Line W-36 
manual.  The overall pullet weights were similar among dietary levels of DDGS.  Time by 
treatment interaction was approaching significance (P = 0.07) for pullet weight.  Pullets fed 
12.5% DDGS had greater body weight compared to the other dietary treatments at 14, 15 and 16 
wk of age.  Dietary treatments had no effect on the mortality rate with only 0.07% total 
mortality.  In summary, feeding 12.5% DDGS had no negative effect on body weight, growth 
rate, feed intake and mortality. Feeding 12.5% DDGS had an economical benefit of $9.58/metric 
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ton of feed compared to corn-soybean meal diet.  Nitrogen and P retention were similar between 
treatments. Nutrient output of N and P had no significant difference between treatments.    
INTRODUCTION 
Distillers dried grains with solubles (DDGS) is not a new ingredient in the feed industry, 
having been available for many decades, primarily from the beverage industry.  Prior to recent 
growth in the ethanol industry, there had been little interest in feeding corn DDGS to poultry, 
mainly because of the product’s high fiber content (Morrison, 1954), inconsistent supply, pricing 
(Waldroup, 1981), and variability in nutrient content and digestibility (Noll et al., 2001).  DDGS 
has been more recently recognized as an economical available source of energy, protein, water 
soluble vitamins, and minerals for poultry (Runnels, 1966; Potter, 1966; Jensen, 1978, 1981; 
Waldroup, 1981; Parsons and Baker, 1983; and Wang et al., 2007) as well as a good source of 
pigment (xanthophylls; Runnels, 1957) and linoleic acid (Scott, 1965). 
Insko (1949) conducted early feeding studies testing dried distillers grains with solubles 
(DDGS) in pullets and concluded that DGS improved growth rate in pullets compared to pullets 
fed corn-soybean meal and meat scraps. Further information has been reported on corn DDGS 
for broiler breeder replacement pullets by Couch (1966, 1967).  Couch (1966) reported that 
pullets fed corn DDGS had greater egg production compared to those fed a corn and soybean 
meal basal diet or a ground milo and soybean meal diet.  
Dried distillers grains with solubles is high in total P and N compared to corn, and can 
decrease the amount of inorganic P sources  added to hen diets, replacing dicalcuim phosphate 
usage, thereby decreasing diet cost (Leyten et al., 2008).   Corn DDGS has been evaluated in 
both laying hen diets (Lumpkins et al., 2005) and broiler diets (Lumpkins et al., 2004).  There 
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has been little information about the potential environmental impacts of DDGS usage in poultry 
diets and N and P excretion resulting from diet adjustments using new ingredients can occur in 
poultry manure (Leyten et al., 2008).    
Little to no recent research has been conducted testing the effects of feeding corn DDGS 
to pullets.  The objectives of this study were to test different inclusion levels of DDGS and its 
effects on pullet growth performance, N and P retention and nutrient output (N and P) in pullet 
manure.  
MATERIAL AND METHODS 
Experimental Procedures 
Six dietary treatments were formulated in a phase-feeding program for growing pullets 
according the Hy-Line breeder’s manual3 recommendations and to meet the National Research 
Council (NRC, 1994) nutrient requirements for pullets.  The dietary treatments were formulated 
to include 0 (basal diet), 2.5, 5, 7.5, 10, or 12.5% corn DDGS.  Composition of the 6 dietary 
treatments for starter, grower, developer, and pre-lay diets are shown in Tables 1, 2, 3 and 4, 
respectively.  Nutrient values for corn DDGS BPX™4  were based on the Dakota Gold 
proximate analysis as shown in Table 5.  Diets were formulated to be isocaloric and 
isonitrogenous.  The starter diet was formulated to provide: 2,950 kcal/kg ME, and 20% CP, and 
was fed from day-old to 6 wk of age.  The grower diet was fed from 7 to 9 wk of age and 
formulated to provide: 3,000 kcal/kg ME, and 18% CP.  The developer diet was formulated to 
provide: 3050 kcal/kg ME, and 16% CP, and was fed from 10 to 15 wk of age.  The pre-lay diet 
was fed for 1 wk (16) and was formulated to provide: 3,050 kcal/kg ME and 17% CP.  Each of 
                                                 
3
 Hy-line North America international, 1005 4
th
 Ave Se, Spencer, IA 51301-6002 
4
 Poet Nutrition Dakota Gold Brand, Sioux Falls, South Dakota. 
http://www.dakotagold.com/products/dakotagold.asp 
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the dietary treatments was fed to 5 replicate pens with 14 pullets per pen.  Pullets were provided 
ad libitum feed and water throughout the study.  Dietary samples were collected from each phase 
of diet formulation and were subsequently ground using a 1-mm screen Tecator Cyclotec 
grinder5 and stored in a -20°C freezer until chemical analysis was performed.  At 16 wk of age, 
chromic oxide (Cr, 0.1% of the feed) was mixed with pre-lay dietary treatments as an 
indigestible marker and fed during the pre-lay period for 1 wk.  A 24 h excreta collection was 
made by a manure tray under each pen.  A clean sample was taken from each manure tray, free 
of feather dander and spilled feed, and placed in an aluminum tin.  Wet sample weights were 
recorded and then samples were placed in a -20°C freezer for 2 d and samples were freeze dried6.  
The apparent retention of N and P was determined by using equations for the indicator method 
described by Schneider and Flatt (1975):  Nutrient retention = 100 – 100 × ((% Crdiet in the diet 
(•) % nutrient in the feces)/ (% Crout in the feces (•) % nutrient in the diet)).  Further, the total 
nutrients excreted per kilogram of DM intake (DMI) were calculated using the ratio of Cr intake 
to Cr output (Dilger and Adeola, 2006):  Nutrient output, g/kg of DMI = NcE × (Crdiet/Crout), 
where NcE is the concentration of the respective nutrient in the excreta; Crdiet is the initial Cr 
concentration in the diet, and Crout is the concentration of Cr in the excreta. 
All diets were analyzed for Ca (927.02), P (965.17), protein (crude) Kjeldahl Method 
(988.05), and Crude fat (Ether extract) (920.39), according to the Association of Official 
Analytical Chemists (AOAC, 1995). Chromic oxide in diets and feces were analyzed according 
to the procedure described by Williams et al. (1962) using atomic absorption spectrophotometry. 
Crude protein was calculated as % N × 6.25%. 
                                                 
5
 1093 Sample Mill, Tecator, Hoganas, Sweden. 
6
 FTS® System, Inc. RT. 209, Stine Ridge, New York. 
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Pullet chicks were obtained from a Hy-Line® International Hatchery (Spencer, IA) and 
were housed in the Animal Science building at the University of Nebraska-Lincoln poultry 
research facility under the guidance of the University of Nebraska Institutional Animal Care and 
Use Committee (IACUC).  Step-down day long lighting programs were used with 20 to 22 h of 
light given the first wk then stepped down weekly to 12 h at 10 wk of age.  All chicks remained 
at a 12 h photoperiod until the end of study.   Cage7 dimensions were 61 × 61 cm, equaling 3,721 
cm2 of floor space.  With 14 pullet chicks per cage, each chick had approximately 248 cm2 of 
floor space for the first 4 wk.  Birds we divided in half and 7 pullet chicks were placed per cage 
during the rest of the growing period, allowing 532 cm2 of floor space for each chick.  Cages 
were supplied with nipple drinkers, 2 per pen and adequate feeder space (9 cm/chick) for all 
chicks.  
Data collected included daily chick feed intake throughout the 16 wk study.  Pullets were 
weighed as a pen group weekly and average body weight (BW) was calculated by pen.  Chick 
BW gain was calculated by the difference from average final chick BW from the average first 
chick BW.  Mortality was recorded daily during the experiment. Production parameters such as 
feed intake and BW gain were adjusted for mortality. 
Statistical Analysis  
Data were analyzed as a randomized complete block design using the MIXED procedure 
of SAS (SAS, Inst. Inc., Cary, NC, 2008).  Cages were the experimental unit, with 14 hens per 
cage.  Each treatment was replicated 5 times and cages were blocked by tier level (1 through 5).  
A block constituted of 1 row of 6 cages with 5 totals rows and blocks.  Repeated measures 
ANOVA with the treatments (the error term being cage within treatment) and time (the residual 
                                                 
7
 Alternative design, 3055 Cheri Whitlock, P.O. Box 6330, Siloam Springs, AR, 72761-6330.  
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error being the error term) as well as the treatment by time interaction were carried out on all 
production data except for BW gain.  Appropriate covariance structures were chosen based on 
Akiake information criterion.  Response curve analysis (polynomial) for production data, 
nitrogen and P retention and nutrient output to level of dietary DDGS were fit.  All statements of 
significance were based on P ≤ 0.05. 
RESULTS AND DISCUSSION 
Calculated and analyzed nutrient composition of the experimental diets and diets costs 
are presented in Tables 1, 2, 3 and 4.  Analyzed dietary CP, Ca, P, were consistent across diets, 
except in pre-lay phase diets (Table 4).  Diets containing 2.5 and 5% DDGS had greater CP 
values compared to other treatments.  Pullet chicks fed 2.5 and 5% DDGS in the pre-lay period 
will probably have a higher CP intake as well as N excretion compared to pullet chicks fed 0, 
7.5, 10 or 12.5% DDGS.  Feeding greater levels of DDGS to pullets showed an economic 
advantage during all phases compared to 0% DDGS.  Diet prices were calculated according to 
Agricultural Marketing resource center 8 while considering price fluctuation during the rearing 
phases.  Grains (corn and soybean meal), DDGS, and feed additives price were obtained from 
Agricultural Marketing resource and local farmer co-op for the time period when the study was 
conducted.  The average ingredients prices per kg for corn, SBM, DDGS, limestone, Di-calcium 
phosphate, fat blend, salt, lysine, methionine and vitamin-mineral premix were, $0.149, $0.326, 
$0.154, $0.046, $0.507, $0.727, $0.099, $2.535, $4.917 and $7.144, respectively. The 6 diets 
were calculated based on the collected ingredients price for all phases presented in tables 1, 2, 3 
and 4. Including DDGS at 0.0, 2.5, 5.0, 7.5, 10.0 or 12.5% had a feed cost of $0.72, $0.72, $0.71, 
                                                 
8
 Agricultural Marketing resource center, weekly ethanol, distillers grains and corn prices. 
www.extension.iastate.edu/agdm/energy/.../agmrcethanolplantprices.xls. 
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$0.70, $0.70, or $0.69 per chick during the 16 wk experiment, respectively (Table 6). Feeding 
12.5% DDGS in the pullet rations, has a benefit of $0.03 saving per bird. According to American 
egg board, there are approximately 178 egg producing companies in the United States with a 
flock average of 75,000 hens or more. The $0.03 saving for each replacement pullet is a 
significant saving for egg laying industry.  
  The effects of dietary DDGS level on ADFI, BW and feed conversion ratio by age and 
overall (0 trhough16 wk) are shown in Table 7.  There was no difference on feed intake or BW 
among pullet chicks fed different levels of DDGS during all 4 growth periods and overall during 
this trial.  Dried distillers grains with solubles had no negative effect on pullet performance.  
However, a time by treatment effect on BW was approaching significance (P = 0.07) at 14, 15 
and 16 wk of age.  Such that chicks fed 12.5% DDGS showed greater BW (P < 0.05) at 14, 15, 
& 16 wk of age compared to other DDGS treatment. This increase in chick BW could be related 
to more available protein or AA compared to chicks fed other dietary treatments.  Feed to gain 
ratio was similar among treatments throughout the study.  Bird’s fed 12.5% DDGS indicated a 
tendency for better feed to gain ratio and that can explained by the increase in BW gain from 14 
to16 wk of age.  
 There had been no published reports available about feeding DDGS to pullets in North 
America and potential effects on pullet performance prior to this study.  In the current study, 
feeding up to 12.5% DDGS, had no negative effects on pullet weight gain and performance 
compared to a corn-soy control diet and to breeder manual recommendations for both intake and 
BW gain.  Studies in laying hens have also shown no negative effects on feed intake, BW, or 
feed conversion ratio when DDGS was fed from 10 to 20% (Shurson et al., 2003; Lumpkins et 
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al., 2005; and Świątkiewicz, S., and J. Koreleski, 2006).  Previous research on our lab had shown 
no negative effect on feed intake, BW gain, or egg production parameters when hens fed DDGS 
up to 25%. The commercial laying hen industry in the Midwest includes DDGS in pullet diets up 
to about 15%, depending on availability and prices (Bregendahl, 2008).  
Apparent nitrogen and phosphorus retention and nutrient output are presented in Table 8. 
No differences were observed for apparent nitrogen and phosphorus retention among treatments.  
Previous studies conducted in our lab using laying hens showed hens fed 25% DDGS had 
improved N retention compared to hen fed 0, 5, 10, 15, 20% DDGS (Masa’deh et al. 2010) .  
Whereas, Leytem et al. (2008) reported a linear decrease in N and P retention with increasing 
wheat DDGS levels (0, 5, 10, 15, or 20%) in broilers diets.  
Nutrient output per kilogram of dry matter intake (DMI) showed no significant linear or 
quadratic affects for N output. However, there was a cubic and quartic (P < 0.05) effect.  Pullets 
fed 2.5 and 5% DDGS had higher N levels in the waste compared to other DDGS levels.  This 
may explain the cubic and quartic effect. The reason for greater N output for the lower inclusion 
rate of corn DDGS (2.5 and 5%) may likely due to higher CP present in these two diets.  The 
analyzed CP percent were 19.74, 19.13% for diets containing 2.5, or 5% DDGS compared to 
18.12, 17.83, 17.58, or 17.84% for diets containing 0, 7.5, 10, or 12.5% corn DDGS.  Nitrogen 
and P retention and analyses were performed while feeding the pre-lay diet which was fed for 
only 1 wk.  Higher CP in these diets may have been due to a mixing or sampling error.  Our 
results are in disagreement with Leytem et al. (2008) and Applegate et al (2009).  Both authors 
reported linear increases in N excreted from broilers chicks as levels of DDGS increased in the 
diets.  However, Roberts et al. (2007) reported that providing laying hens with 10% corn DDGS 
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reduced N emission by 51% compared to a corn-soybean meal diet.  Phosphorus output per 
kilogram of DMI also showed a significant quartic contrast effects during this trial (P < 0.05) 
among dietary treatments, but no linear or quadratic effect were observed.  Birds fed 2.5% 
DDGS showed the highest phosphorus output compared to other dietary treatment.  No 
explanation for cubic and quartic effect can be the found for the results seen in the nutrient 
output.   More studies will need to be done before a final recommendation can be made regarding 
the effects of DDGS on N and P output and retention in pullet chicks. 
The results indicate that feeding corn DDGS up to 12.5% had no negative effect on pullet 
production parameters during all phases of growing to 16 wk of age.  Pullets fed 12.5% DDGS 
had greater BW gain at 14, 15, and 16 wk of age and improved feed to gain ratio which can 
explain the increase in BW gain from 14 to16 wk of age.  Feeding DDGS at 12.5% in pullet diet 
has an economical benefit of $9.58/ton compared to a corn-soybean meal basal diet. Each chick 
fed 12.5% DDGS had a saving of $0.03 compared to chick fed the basal diets during the 16wk 
rearing period. 
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Table 3.1 Experimental diet composition for starter diet (0 to 6 wk) (as fed basis)   
Ingredient                                        Diet 1       Diet 2        Diet 3       Diet 4        Diet 5         Diet 6 
                                                                                                          (%) 
Corn  62.25 61.03 59.80 58.56 57.26 56.14 
Soybean meal1, 48% CP   32.29 31.00 29.71 28.43 27.24 25.85 
Dried distillers grains with solubles    0.00   2.50   5.00   7.50 10.00 12.50 
Limestone     1.14   1.18   1.22   1.27   1.31   1.35 
Dicalcium phosphate     2.18   2.12   2.07   2.01   1.95   1.89 
Fat blend     1.30   1.32   1.34   1.36   1.38   1.40 
NaCl     0.43   0.42   0.41   0.40   0.39   0.38 
HCl- Lysine    0.15   0.17   0.19   0.21   0.22   0.24 
DL-Methionine    0.16   0.16   0.16   0.16   0.15   0.15 
Vitamin and mineral premix2    0.10   0.10   0.10   0.10   0.10   0.10 
 
Calculated nutrient composition  
ME3, kcal/kg 2,950 2,950 2,950 2,950 2,950 2,950 
CP, %  20.00  20.00  20.00  20.00  20.00  20.00 
Methionine, %  0.48  0.48  0.48  0.48  0.48  0.48 
Lysine, %  1.15  1.15  1.15  1.15  1.15  1.15 
Ca, %  1.01  1.01  1.01  1.01  1.01  1.01 
Non-phytate P, %  0.51  0.51  0.51  0.51  0.51  0.51 
Total P, %  0.76  0.76  0.76  0.76  0.75  0.75 
 
Analyzed nutrient composition 
CP, %   19.23  19.29  19.40  19.52  19.62  19.92 
EE4 %    3.04    3.14    3.39    4.00    4.07    4.39 
Ca, %    1.05    0.92    0.93    0.96    0.93    1.03 
Total P, %    0.67    0.62    0.63    0.70    0.60    0.71 
Price ($/Metric ton)5 249.00 247.17 245.39 243.57 241.21 239.21 
1Soybean meal incorporated into the diet was high protein (48% CP) soybean meal. 
2Vitamin & mineral premix provided the following per kilogram: vitamin A (retinyl acetate, 6,600 I.U.); 
vitamin D3 (2,805 I.U.); vitamin E (D,L-α-tocopheryl acetate, 10 I.U.); vitamin K3 (menadione 
dimethpyrimidinol, 2.0 mg); riboflavin (4.4 mg); pantothenic acid (6.6 mg); niacin (24.2 mg); choline (110 
mg−1); biotin, 8.8 mg−1; and ethoxyquin (1.1 mg/kg). 
Mn (MnO, 88 mg); Cu (CuSO4, 6.6 mg); Fe (FeSO4, 8.5 mg); Zn (ZnO, 88 mg); and Se (Na2SeO3, 0.30 mg). 
3M.E. values for diet formulation were based on pullet’s requirement in NRC (1994) 
4
 Ether extract represents total fat content in the diet. 
5
 Feed prices are calculate when corn, SBM and DDGS priced at $150, $326, $154 /Metric ton respectively. 
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Table 3.2 Experimental diet composition for grower diet (7-9 wk) (as fed basis)  
Ingredient                                        Diet 1       Diet 2        Diet 3       Diet 4        Diet 5         Diet 6 
                                                                                                         (%)   
Corn  67.72 66.50 65.28 64.06 62.83 61.61 
Soybean meal1, 48% CP 27.06 25.78 24.49 23.20 21.92 20.63 
Dried distillers grains with solubles    0.00   2.50   5.00   7.50 10.00 12.50 
Limestone     1.28   1.33   1.37   1.41   1.45   1.50 
Dicalcium phosphate     2.00   1.94   1.88   1.82   1.77   1.71 
Fat blend     1.24   1.26   1.28   1.30   1.32   1.34 
NaCl     0.39   0.37   0.36   0.35   0.34   0.33 
HCl- Lysine    0.07   0.09   0.11   0.13   0.14   0.16 
DL-Methionine    0.14   0.13   0.13   0.13   0.13   0.12 
Vitamin and mineral premix2    0.10   0.10   0.10   0.10   0.10   0.10 
 
Calculated nutrient composition  
ME3, kcal/kg 3,000 3,000 3,000 3,000 3,000 3,000 
CP, %  18.00  18.00  18.00  18.00  18.00  18.00 
Methionine, %  0.43  0.43  0.43  0.43  0.43  0.43 
Lysine, %  0.96  0.96  0.96  0.96  0.96  0.96 
Ca, %  1.01  1.01  1.01  1.01  1.01  1.01 
Non-phytate P, %  0.47  0.47  0.47  0.47  0.47  0.47 
Total P, %  0.70  0.70  0.70  0.70  0.70  0.69 
 
Analyzed nutrient composition 
CP, %   17.42   18.16   18.01   17.80   18.03   17.82 
EE4 %    3.44    3.54    3.79    4.30    4.37    4.69 
Ca, %    1.05    0.82    0.83    0.86    0.83    1.03 
Total P, %    0.78    0.62    0.63    0.70    0.60    0.81 
Price ($/Metric ton)5 212.19 210.06 208.35 206.65 204.77 202.63 
1Soybean meal incorporated into the diet was high protein (48% CP) soybean meal. 
2Vitamin & mineral premix provided the following per kilogram: vitamin A (retinyl acetate, 6,600 I.U.); 
vitamin D3 (2,805 I.U.); vitamin E (D,L-α-tocopheryl acetate, 10 I.U.); vitamin K3 (menadione 
dimethpyrimidinol, 2.0 mg); riboflavin (4.4 mg); pantothenic acid (6.6 mg); niacin (24.2 mg); choline (110 
mg−1); biotin, 8.8 mg−1; and ethoxyquin (1.1 mg/kg). 
Mn (MnO, 88 mg); Cu (CuSO4, 6.6 mg); Fe (FeSO4, 8.5 mg); Zn (ZnO, 88 mg); and Se (Na2SeO3, 0.30 mg). 
3M.E. values for diet formulation were based on pullet’s requirement in NRC (1994) 
4
 Ether extract represents total fat content in the diet. 
5
 Feed prices are calculate when corn, SBM and DDGS priced at $150, $326, $154 /Metric ton respectively. 
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Table 3.3 Experimental diet composition for developer diet (10-15 wk) (as fed basis) 
Ingredient                                        Diet 1       Diet 2        Diet 3       Diet 4        Diet 5         Diet 6  
                                                                                                              (%) 
Corn  73.06 71.83 70.61 69.39 68.17 66.94 
Soybean meal1, 48% CP   21.65 20.35 19.06 17.79 16.50 15.22 
Dried distillers grains with solubles    0.00   2.50   5.00   7.50 10.00 12.50 
Limestone     1.37   1.41   1.46   1.50   1.54   1.58 
Dicalcium phosphate     1.93   1.87   1.81   1.75   1.69   1.63 
Fat blend     1.30   1.32   1.34   1.36   1.38   1.40 
NaCl     0.39   0.38   0.37   0.35   0.34   0.33 
HCl- Lysine    0.10   0.12   0.13   0.15   0.17   0.19 
DL-Methionine    0.10   0.12   0.12   0.11   0.11   0.11 
Vitamin and mineral premix2    0.10   0.10   0.10   0.10   0.10   0.10 
 
Calculated nutrient composition  
ME3, kcal/kg 3,051 3,051 3,051 3,051 3,051 3,051 
CP, % 16.00 16.00 16.00 16.00 16.00 16.00 
Methionine, %   0.39   0.39   0.39   0.39   0.39   0.39 
Lysine, %   0.85   0.85   0.85   0.85   0.85   0.85 
Ca, %   1.01   1.01   1.01   1.01   1.01   1.01 
Non-phytate P, %   0.45   0.45   0.45   0.45   0.45   0.45 
Total P, %   0.66   0.66   0.66   0.66   0.65   0.65 
 
Analyzed nutrient composition 
      
CP, %   16.44  17.30  17.38  16.24  16.74  17.91 
EE4 %    3.91    4.08    4.28    4.52    4.48    4.94 
Ca, %    0.87    0.85    0.92    0.89    1.02    0.84 
Total P, %    0.65    0.69    0.72    0.67    0.78    0.75 
Price ($/Metric ton)5 202.25 201.39 199.46 197.36 195.65 193.96 
1Soybean meal incorporated into the diet was high protein (48% CP) soybean meal. 
2Vitamin & mineral premix provided the following per kilogram: vitamin A (retinyl acetate, 6,600 I.U.); 
vitamin D3 (2,805 I.U.); vitamin E (D,L-α-tocopheryl acetate, 10 I.U.); vitamin K3 (menadione 
dimethpyrimidinol, 2.0 mg); riboflavin (4.4 mg); pantothenic acid (6.6 mg); niacin (24.2 mg); choline (110 
mg−1); biotin, 8.8 mg−1; and ethoxyquin (1.1 mg/kg). 
Mn (MnO, 88 mg); Cu (CuSO4, 6.6 mg); Fe (FeSO4, 8.5 mg); Zn (ZnO, 88 mg); and Se (Na2SeO3, 0.30 mg). 
3M.E. values for diet formulation were based on pullet’s requirement in NRC (1994) 
4
 Ether extract represents total fat content in the diet. 
5
 Feed prices are calculate when corn, SBM and DDGS priced at $150, $326, $154 /Metric ton respectively. 
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Table 3.4 Experimental diet composition for pre-lay diet (16 wk) (as fed basis) 
Ingredient                                        Diet 1       Diet 2        Diet 3       Diet 4        Diet 5         Diet 6 
                                                                                                             (%) 
Corn  59.95 58.73 57.50 56.28 55.06 53.84 
Soybean meal1, 48% CP   26.33 25.02 23.75 22.47 21.18 19.89 
Dried distillers grains with solubles    0.00   2.50   5.00   7.50 10.00 12.50 
Limestone     5.82   5.88   5.92   5.96   6.00   6.04 
Dicalcium phosphate     2.09   2.03   1.97   1.91   1.85   1.80 
Fat blend     5.14   5.16   5.18   5.19   5.22   5.23 
NaCl     0.41   0.40   0.39   0.38   0.36   0.35 
HCl- Lysine    0.00   0.02   0.04   0.06   0.08   0.10 
DL-Methionine    0.16   0.16   0.15   0.15   0.15   0.15 
Vitamin and mineral premix2    0.10   0.10   0.10   0.10   0.10   0.10 
 
Calculated nutrient composition  
ME3, kcal/kg 3,051 3,051 3,051 3,051 3,051 3,051 
CP, % 17.00 17.00 17.00 17.00 17.00 17.00 
Methionine, %   0.44   0.44   0.44   0.44   0.44   0.44 
Lysine, %   0.87   0.87   0.87   0.87   0.87   0.87 
Ca, %   2.75   2.75   2.75   2.75   2.75   2.75 
Non-phytate P, %   0.48   0.48   0.48   0.48   0.48   0.48 
Total P, %   0.70   0.70   0.69   0.69   0.69   0.69 
 
Analyzed nutrient composition 
CP, %  18.12  19.74*  19.13*  17.83  17.58  17.84 
EE4 %    6.15  5.83  6.22    6.59    6.95    6.82 
Ca, %    2.28  2.18  2.23    2.26    2.29    2.14 
Total P, %    0.77    0.80*  0.61    0.68    0.68    0.74 
Price ($/Metric ton)5 227.12 225.36 223.26 221.51 219.87 218.14 
1Soybean meal incorporated into the diet was high protein (48% CP) soybean meal. 
2Vitamin & mineral premix provided the following per kilogram: vitamin A (retinyl acetate, 6,600 I.U.); 
vitamin D3 (2,805 I.U.); vitamin E (D,L-α-tocopheryl acetate, 10 I.U.); vitamin K3 (menadione 
dimethpyrimidinol, 2.0 mg); riboflavin (4.4 mg); pantothenic acid (6.6 mg); niacin (24.2 mg); choline (110 
mg−1); biotin, 8.8 mg−1; and ethoxyquin (1.1 mg/kg). 
Mn (MnO, 88 mg); Cu (CuSO4, 6.6 mg); Fe (FeSO4, 8.5 mg); Zn (ZnO, 88 mg); and Se (Na2SeO3, 0.30 mg). 
3M.E. values for diet formulation were based on pullet’s requirement in NRC (1994) 
4
 Ether extract represents total fat content in the diet. 
5
 Feed prices are calculate when corn, SBM and DDGS priced at $150, $326, $154 /Metric ton respectively. 
* Aberrant data- Mixing error or sampling error. 
 
 
72 
 
 
 
Table 3.5 Distillers dried grains with soluble nutrient composition (Dakota Gold BPX)1 
 
Item 
 
Value (as fed basis) 
 
(%) 
DM 90.5 
CP 27.0 
Crude fat 10.3 
Crude fiber 6.4 
ME, kcal/kg2  2,800 
ADF 8.2 
NDF 24.1 
Phosphorus3 0.85 
Sodium 0.22 
Arg 1.31 
Lys 0.97 
Met 0.51 
Cys 0.86 
Leu 3.02 
Iso 0.97 
1Data obtained from Poet Nutrition, http://www.dakotagold.com/products/dakotagold.asp, (September, 2008). 
2ME value was represented as kcal/kg 
3
 Total P content, 0.47% is the available P by accounting 55% of total P is available.  
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Table 3.6 Feed cost per kg, ton and pullet chick (1 through16 wk) 
Percent DDGS                                 0               2.5             5.0             7.5            10.0           12.5 
       
Feed $/kg 0.247 0.246 0.244 0.242 0.239 0.237 
Feed $/ton 216.5 214.9 213.0 211.2 209.4 207.5 
Feed$/pullet chick2 0.722 0.717 0.710 0.701 0.698 0.689 
1
 Feed prices are calculated according to Agricultural Marketing resource center. 
2
 Cost in $ for total amount of feed consumed during the 16wk reared period. 
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Table 3.7 Influence of graded levels of corn DDGS on average daily feed intake, average body wt, and feed conversion 
ratio of pullet chicks 
Percent DDGS ADFI 
(g) 
Average BW 
(kg) 
  Feed conversion ratio1 
(g/g) 
 0-6 
Wk 
7-9 
wk 
10-15 
wk 
16 
wk 
0-16 
wk 
0-6 
wk 
7-9 
wk 
10-15  
Wk 
16 
wk 
0-16 
wk 
0-6 
wk 
7-9 
wk 
10-15 
wk 
16 
wk 
0-16 
wk 
0.0 27.61 45.83 56.16 65.39 47.89 0.191 0.571 0.932 1.175 0.577 2.401 4.185 5.157 7.927 4.510 
2.5 27.57 46.07 56.15 65.78 47.97 0.196 0.584 0.938 1.177 0.584 2.575 4.008 5.240 8.236 4.572 
5.0 27.77 45.83 56.16 65.39 47.93 0.195 0.573 0.934 1.179 0.581 2.368 4.263 5.159 8.389 4.557 
7.5 27.31 45.58 56.15 65.00 47.74 0.199 0.577 0.928 1.178 0.580 2.507 4.229 5.311 7.939 4.617 
10.0 27.67 46.07 56.15 65.78 47.99 0.197 0.577 0.937 1.179 0.583 2.621 4.027 5.385 7.583 4.603 
12.5 27.46 45.58 56.16 65.00 47.77 0.199 0.584 0.959 1.216 0.595 2.517 4.106 5.165 7.347 4.478 
                
SEM2 0.316 0.202 0.001 0.358 0.136 0.003 0.007 0.007  0.011 0.005 0.271 0.203 0.138 0.369 0.071 
P- value3 0.932 0.329 0.462 0.462 0.503 0.243 0.694 0.066 0.029 0.156 0.984 0.923 0.794 0.379 0.718 
1
 Feed conversion ratio was calculated as grams of feed/ grams of weight gain 
2
 Value are means of 5 replicate cages, n=30. 
3P-value represents the linear response for all production data.  There was no significant quadratic effect. 
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Table 3.8 Apparent retention (%) of nitrogen, phosphorus and excretion of fecal N and P. 
 
Item  
                               Corn DDGS (%)                                                        P- value                           
    0          2.5           5           7.5          10       12.5       SEM1         L2          Q2          C2          Qa2 
Apparent retention (%) 
N 42.79 38.00 37.26 43.64 39.27 44.61 2.504 0.837 0.335 0.407 0.402 
P 34.01 32.17 29.42 30.96 33.75 31.90 2.506 0.377 0.136 0.467 0.212 
Nutrient output (g/kg DM intake)  
N  16.54 19.69 18.87 16.25 17.57 16.29 0.768 0.127 0.068 0.029 0.044 
P 5.25 5.84 4.67 4.94 4.96 5.19 0.191 0.145 0.124 0.097 0.018 
1Values are means of 5 replicate cages, n=30. 
2
 Linear (L), quadratic (Q), cubic (C), and quartic (Qa) contrasts among DDGS levels.    
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Chapter 4 
High Dietary Inclusion of Dried Distillers Grains with Solubles in 
Combination with Allzyme® SFF Enzyme in Laying Hens Diet 
M. K. Masa'deh and S. E. Scheideler 
Department of Animal Science, University of Nebraska, Lincoln, NE 68588, USA 
ABSTRACT 
A study was conducted to test high inclusion rates of corn dried distillers grains with 
solubles (DDGS) in combination with Allzyme® SSF enzyme (SSF) in laying hen diets on egg 
production (EP) parameters.  Two hundred forty Hy-Line W-36 hens were fed diets containing 5 
levels of DDGS (0, 10, 20, 30 or 40%) and two levels of SSF enzyme (0, 0.02%) in a 5 X 2 
factorial arrangement.  Hens were fed the diets from 23 to 43 wk and from 44 to 64 wk for Phase 
I and Phase II, respectively.  Diets were formulated to provide 2,875 kcal/kg ME, and 16.75% 
CP, for Phase I and 2,850 kcal/kg ME, and 16.25% CP for Phase II.  Diets containing 0.02% SSF 
enzyme, gave the enzyme nutrient value of 75 Kcal/kg ME, 0.1% Ca and 0.1% available P.  
Nutrient output per kg of DMI for both N and P was also calculated.  Six replicate pens with 4 
hens/pen were assigned per treatment in a randomized complete block design.  Dried distillers 
grains with solubles by enzyme interactions were not significantly different for feed intake, hen 
wt, nutrient digestibility, and egg production parameters.  Average daily hen feed intake was 
similar between DDGS levels with an average of 102 g/hen/d during the study.  Average hen day 
egg production and egg wt. were not affected by dietary DDGS during Phase I & II.  During 
Phase I and II, egg mass (P < 0.001) was decreased as DDGS increased in the diets.  There was 
no difference in interior egg quality during the study.  Specific gravity was decreased (P < 0.05) 
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linearly in Phase II as DDGS levels increase. Whereas, a linear increase in specific gravity as the 
enzyme supplemented in both Phases I and II.  Yolk color increased with increasing DDGS 
level, with the highest Roche color fan score (P < 0.05) of 7.8 for hens fed 40% DDGS. A linear 
increase (P < 0.001) in N and P digestibility was observed as DDGS increased in the diets. In 
summary, feeding up to 30% DDGS with or without enzyme treatment during Phase II of 
production had no negative effects on feed intake, egg production, egg wt, haugh unit and 
specific gravity.  Feeding SSF enzyme had an economical benefit of $10.27/1000kg, and 
$11.92/1000kg and feeding 30% DDGS had a benefit of $31.16/1000kg and $28.58/1000kg of 
feed for Phase I and Phase II compared to 0% DDGS.  
INTRODUCTION 
Distillers dried grains with solubles (DDGS) is not a new ingredient in the feed industry, 
having been available for poultry for many decades primarily from the beverage industry.  In the 
past, there has been limited interest in feeding corn DDG to poultry, mainly because of the 
product’s high fiber content (Morrison, 1954).  It has long been recognized that DDGS is a 
valuable source of energy, protein, water soluble vitamins, and minerals for poultry (Potter, 
1966; Runnels, 1966; Jensen, 1978, 1981; Waldroup et al., 1981; Parsons and Baker, 1983; 
Wang et al., 2007) as well as a good source of pigment (Runnels, 1957) and linoleic acid (Scott, 
1965).  Use of DDGS in poultry diets has been limited to 5%, due to limitations such as 
consistent supply and pricing of the product (Waldroup et al., 1981) as well as variability in 
nutrient content and digestibility (Noll et al., 2001). 
Previous research with laying hens using DDGS showed no negative effects on egg 
production when fed at rates of 10 to 20% (Matterson et al., 1966).  Harms et al. (1969) reported 
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that feeding 10% DDGS to laying hens had no negative effect on egg production or egg weight 
when DDGS was used to replace a portion of dietary protein.  Recent research by Roberson et al. 
(2005), Lumpkins et al. (2005) and Świątkiewicz and Koreleski (2006) recommend an inclusion 
rate of 15% DDGS in laying hens diets to maintain egg production.  Bregendahl (2008) reported 
that, the laying hen industry in the Midwest uses between 5 to 20% DDGS due to savings in feed 
costs.  Previous research on our lab had shown no negative effect on feed intake, BW gain, or 
egg production parameters when hens fed 25%DDGS. Inclusion rate beyond 25% DDGS need to 
investigated to study the maximum inclusion rates. 
After a dramatic increase in corn prices and dicalcium phosphate, the poultry industry has 
been working to reduce feed costs of production.  Utilizing alternative feed ingredients and 
exogenous enzymes are not a new concept in the poultry industry. Alternative feed ingredients 
and exogenous enzymes have proven to be cost saving.  On average, the addition of exogenous 
enzymes to poultry diets has allowed producers to save as much as $3 per metric ton (Clark, 
2009).  Nutritionists continue to test the best combinations of alternative feed ingredients and 
feed additives to optimize production.  The goal of exogenous enzyme supplementation is to 
improve nutrient digestibility of low quality feeds, diminish anti-nutrient factors, reduce nutrient 
losses in excreta, as well as reduce feed costs (Costa et al., 2008).  Because distillers grains by-
products are high in fiber content, investigating enzyme supplementation of poultry diets 
containing DDGS should be explored.  Świątkiewicz and Koreleski (2006) hypothesized that 
adding non-starch polysaccharide (NSP) enzymes in diets containing DDGS can partly remove 
the negative effect of high fiber content.  In order to understand the possible impact of new 
processing technologies used to produce DDGS it is important to review the nutrient consistency 
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and other characteristics of DDGS and enzyme supplementation in poultry diets.  The objectives 
of this study were to test high inclusion levels of DDGS in combination with Allzyme® SSF 
enzyme for laying hens and its effects on feed intake, body weight (BW) and egg quality 
parameters for one production cycle. 
MATERIALS AND METHODS 
Experimental diets  
Ten dietary treatments were formulated for Phase I and Phase II of egg production 
according the Hy-Line W-36 breeder’s manual (Hy-line North America International, Spencer, 
IA) recommendations and to meet the National Research Council (1994) nutrient 
recommendations for laying hens.  The dietary treatments were formulated to include 5 levels of 
DDGS; 0 (basal diet), 10, 20, 30 or 40% and two levels of Allzyme SFF (Alltech Lexington, 
KY) enzyme 0, or 0.02%.  Allzyme SSF enzyme has activities of protease, pentosanase, 
pectinase, cellulase, beta-glucanase, amylase, and phytase.  Allzyme SSF phytase activity when 
included at 200g/ton, releases 0.1% of available P per the company recommendation.  Diets 
containing 0.02% SSF enzyme were formulated to give the enzyme nutrient value of 75 Kcal/kg 
ME, 0.1% Ca and 0.1% available P. Compositions of the 10 dietary treatments for Phases I & II 
are shown in Tables 1 and 2, respectively.  Table 3 shows the nutrient composition of DDGS 
(Dakota Gold BPX, Sioux Falls, South Dakota) used in this study.  Dried distillers grains with 
solubles used in the study provided an estimate of 27% CP, 10.3% fat, 2,800 kcal/kg ME, 0.97% 
Lys and 0.51% Met.  Diets were formulated to be isocaloric providing 2,875, 2,850 kcal/kg 
metabolizable energy (ME) and isonitrogenous to provide 16.75%, 16.25% CP, 0.88%, 0.85% 
Lys, and 0.44%, 0.42% Met for Phases I and II, respectively. Diets in both Phases (I and II) were 
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formulated on a fixed total Lys and Met concentration for all treatments allowing TSAA level to 
drift up due to high Cys levels in DDGS.  Each of the dietary treatments was fed to 6 replicate 
pens with 4 hens per pen.  Hens were provided feed (up to 115 g/hen/d) and water throughout the 
study.  Dietary samples were collected for each Phase of formulation and were subsequently 
ground using a 1-mm screen Tecator cyclotec grinder9 and stored in -20°C freezer until chemical 
analysis was performed.  At 65 wk of age, chromic oxide (0.1% of the feed) was mixed with 
dietary treatments as an indigestible marker and fed for 1 wk.  Excreta samples from each pen 
were collected for N, P, AA and ME analysis at the end of the feeding period. 
Birds and Housing 
Two-hundred forty Hy-Line W-36 White hens were used in this study and were randomly 
assigned to 1 of the 10 dietary treatments.  The hens were raised and housed in the Animal 
Science building at University of Nebraska-Lincoln Poultry Research Facility from day-old until 
used in laying hen research trials.  Hens were 23 wk of age at the beginning of the study and 
were fed the dietary treatments from 23 wk to 44 wk of age for Phase I and from 45 wk to 65 wk 
of age for Phase II of egg production.  Hens were maintained on a 16h light: 8h dark photoperiod 
throughout the study.  Cage dimensions10 were 50.8 × 45.75 cm, equaling 2324.1 cm2 of floor 
space.  With 4 hens per cage, each hen had approximately 581 cm2 of floor space.  Cages were 
supplied with nipple drinkers, 2 per pen and adequate feeder space (8 cm/hen) for all hens.  The 
study was conducted under the approval of the University of Nebraska Animal Care Committee.  
                                                 
9
 1093 Sample Mill, Tecator, Hoganas, Sweden 
10
 Alternative design 3055 Cheri Whitlock, PO Box 6330, Siloam Springs, AR, 72761-6330 
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Parameters Measured  
 Data collected included daily hen egg production and feed intake throughout the 
production cycles.  One day of egg production was used to measure egg wt and was conducted 
on a biweekly basis.  Haugh units (HU) (Haugh, 1937) were measured on 2 eggs per pen (with 
similar weight) every 2 wk to record albumen height.  Both egg wt and HU were recorded using 
Technical Services and Supplies (TSS) Egg Ware11.  Specific gravity was determined by floating 
collected eggs in graded salt (Sodium chloride) bucket solutions ranging from 1.070 to 1.1 in a 
0.05 space intervals, and was recorded every 2 wk.  Yolk color was measured on a biweekly 
interval using the Roche® Color Fan scale12  and performed by a trained individual throughout 
the study.  Hen BW was recorded on a monthly basis by averaging the weight of 4 hens from 
each pen.  Hen BW gain was calculated by the difference between average final hen wt from the 
average beginning hen wt.  Hen mortality was recorded daily during both Phases (I & II) of the 
study.  Production parameters such as feed intake and egg production were adjusted for hen 
mortalities. 
Determination of Nitrogen and Phosphorus Retention and Amino Acid and ME Digestibility  
Diets were mixed with chromic oxide as an indigestible marker and were fed for 1 wk 
before the fecal collection during Phase II of egg production.  Clean excreta (from feathers and 
feed) were collected after a 24h production period from the plastic manure belt under each pen 
and the samples were placed in aluminum trays.  Wet sample wt were recorded and samples 
were stored in a -20°C freezer for 2 d. Subsequently, samples were freeze dried. 
                                                 
11
 Chessingham Park, Dunnington, YORK, YO19 5SE, ENGLAND 
12
 DSM Nutrition Product, Basel, Switzerland, P.O.Box 3255 
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 The following equation was used for calculation of N and P retention for the indicator 
method described by Schneider and Flatt (1975): 
Nutrient retention = 100 – 100 × ((% analyzed Crdiet in the diet (•) % analyzed nutrient in the 
feces)/ (% analyzed Crout in the feces (•) % analyzed nutrient in the diet)), where; Crdiet is the 
initial Cr concentration in the diet, and Crout is the concentration of Cr in the excreta. The 
following equation was used to calculate digestibility for amino acid and ME (Scott et al., 1976): 
% Apparent digestibility = 100 − [(analyzed dietary Cr/ analyzed fecal Cr × analyzed fecal (AA 
or GE)/ analyzed dietary (AA or GE) × 100], GE stand for gross energy.  
The value of AME was corrected for N retention (Hill and Anderson, 1958). The retained N 
value was multiplied by 8.22 kcal/g and subtracted from AME value. The corrected AME is 
referred to as AMEn (N-corrected apparent ME). Further, the total nutrients excreted per 
kilogram of DM intake (DMI) were calculated by using the ratio of Cr intake to Cr output 
(Dilger and Adeola, 2006): 
Nutrient output, g/kg of DMI = NcE × (Crdiet/Crout), 
Where NcE is the concentration of the respective nutrient in the excreta; Crdiet is the initial Cr 
concentration in the diet, and Crout is the concentration of Cr in the excreta. 
Chemical Analysis  
Diet samples were collected for each diet mixing during both Phases (I and II).  The 
samples were pooled and subsequently ground using a 1-mm screen Tecator cyclotec grinder.  
All diets were analyzed for Ca (927.02), P (965.17), CP using Kjeldahl method (988.05), and 
crude fat (ether extract) (920.39), and amino acids (994.12) according to the Association of 
Official Analytical Chemists (1995).  For AA analysis, diet samples were hydrolyzed for 20 h (6 
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N HCl) at 105°C with exception for sulfur AA.  Ion-exchange chromatography was used to 
separate AA.  High Performance Liquid Chromatography (HPLC) analyzer contained a cation 
exchange column that eluted AA using a gradient of lithium buffers.  Then AA were quantitated 
fluorometrically using o-phthalaldehyde as the derivatization reagent.  For methionine and 
cystine (sulfur amino acids) were determined by ion-exchange chromatography of acid-
hydrolyzate samples that had been preoxidized with performic acid (hydrogen peroxide, 300 
g/L:formic acid, 880 g/L, 1:9, vol/vol).  Chromic oxide in diets and feces were analyzed 
according to the procedure described by Williams et al. (1962) using atomic absorption 
spectrophotometry.  
Statistical Analysis  
Data were analyzed as a randomized complete block design with a 5 × 2 factorial 
arrangement using the PROC MIXED procedure in SAS (SAS, Inst., Inc., Cary, NC, 2008).  
Cages were the experimental unit, with 4 hens per cage.  Each treatment was replicated 6 times 
and cages were blocked by side (north or south) and by tier level (1 through 6).  A block 
constituted of 1 row of 10 cages with 3 blocks on each side of the layer unit.  Repeated measures 
ANOVA with the treatments interaction (the error term being cage within treatment) and time 
(the residual error being the error term) as well as the treatment by time interaction were carried 
out on all production data.  Appropriate covariance structures were chosen based on Akiake 
information criterion.  Response curve analysis (polynomial) for production data, N and P 
retention, nutrient digestibility and nutrient output to level of dietary treatments (DDGS, enzyme, 
and DDGS by enzyme interaction) were fit.  All statements of significance were based on P ≤ 
0.05  
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 RESULTS AND DISCUSSION 
Calculated and analyzed nutrient composition of the experimental diets and diets costs for 
Phase I and Phase II are presented in Tables 1 and 2.  Analyzed dietary amino acids are 
presented in Table 3.  Analyzed dietary CP, Ca, P, Lys, Met and Cys were consistent across all 
diets.  Analyzed dietary Ca was consistently low in the 10 diets during phase I compared to 
calculated value.  As DDGS increased in the diet, more synthetic Lys and fat blend were added 
to the diet.  On the other hand Di-Ca-P was decreased as DDGS increased in the diet.  Feeding 
30% DDGS to laying hens saved $31.16/ metric ton and $28.58/ metric ton for Phase I and Phase 
II compared to 0% DDGS.  Feeding Allzyme®SSF enzyme had an economic benefit of $10.27/ 
metric ton, and $11.92/ metric ton for Phase I and Phase II compared to treatments without 
enzyme supplementation.   
Feed intake and egg production parameters results are shown in Table 5.  There were no 
significant interaction effects between level of DDGS and enzyme inclusion for any production 
parameter.  Feed intake was not affected by dietary DDGS concentration or enzyme levels 
during either Phase (I or II) of egg production with an average of 102 g /hen /d for both Phases.  
Feed intake results are consistent with Lumpkins et al. (2005) and Świątkiewicz and Koreleski 
(2006) who also showed no difference in feed intake for hens fed up to 15 or 20% DDGS, 
respectively.  A recent study by Pescatore et al. (2010) showed significant reduction in feed 
intake in Brown leghorn laying hens fed 15 or 23% DDGS.  In the current study, White W-36 
Hy-line laying hens were utilized compared to Brown Hy-line laying hens used in the Pescatore 
et al. (2010) study.  Pineda et al. (2008) reported an increase in feed intake for hens fed higher 
DDGS of 46 and 69%.  These levels were beyond the 40% DDGS that we used in the current 
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study, and the study conducted by Pineda et al. (2008) was for only 8 wk compared to 41 wk in 
our study.  Hen BW was not affected by the level of DDGS treatments with or without using 
enzyme supplementation during either Phase.  Earlier studies with DDGS reported by Shurson et 
al (2003) and Lumpkins et al (2005) also showed no effect of DDGS on hen BW when fed at 10 
or 15 %, respectively.  
No differences in hen daily egg production were observed among dietary treatments 
during both Phases I or II.  Average hen daily egg production was 92.02% and 82.75% during 
Phase I and Phase II (Table 5), respectively.  Enzyme treatments were not significantly different 
in hen daily egg production from the non-enzyme treatments.  Our data are similar to Lumpkins 
et al. (2005) and Roberson (2005).  Both authors conducted experiments with laying hens 
incorporating up to 15% DDGS with no negative effects on egg production. However, 
Świątkiewicz and Koreleski (2006) reported a reduction in egg production for hens fed 20% 
DDGS in Phase II of egg production, but not for Phase I.  In addition, Świątkiewicz and 
Koreleski (2006) reported that supplementing non-starch polysaccharide (NSP) enzyme with 
20% DDGS in part improved egg production.  This was not observed on our study, as there was 
no negative effect of DDGS on EP for the SSF enzyme to overcome.  A more recent study 
conducted by Green et al. (2010) reported no deference in egg production for laying hens fed 0, 
17 or 35% DDGS; whereas, hen fed 50% DDGS had the lowest egg production.  In the study 
conducted by Green et al. (2010), the diets were formulated to be isocaloric but allowed crude 
protein to increase with increasing DDGS levels.  This may cause an imbalance in amino acids 
levels at higher DDGS inclusion, resulting in a reduction in feed intake and egg production. 
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Egg wt was not affected by DDGS treatment or enzyme supplementation during Phases I 
and II.  However, egg mass was decreasing (P < 0.001) as DDGS increased for Phase I and II of 
egg production.  Enzyme supplementation had no effect on either egg wt or egg mass.  Roberson 
et al  (2005) previously reported a linear decrease (P < 0.001) in egg wt at 63 wk of age, and egg 
mass at 51 & 53 wk of age when hens were fed 15% DDGS.  Whereas, Pineda et al. (2008) 
reported an increase in egg wt as DDGS increased in the laying hens diets.  Egg mass was not 
significantly affected as the increases in egg wt overcame the reduction in egg production in 
Pineda’s research.  A reduction or increase in egg wt can be attributed to sulfur amino acid 
balance.  In earlier study conducted in our lab, results showed a trend (P = 0.06) of decreasing 
egg wt during Phase I of egg as DDGS increase in the diet, but not during Phase II.  That was 
due to diet formulation on a fixed Lys and TSAA level during Phase I; whereas, during Phase II, 
diets were formulated for a fixed Lys and Met level, allowing TSAA level to drift up due to 
higher cysteine levels in DDGS.  In the current study, diets were formulated to be fixed in Lys 
and Met content allowing TSAA to drift up.   
Egg interior quality was not different in haugh units among DDGS levels for the entire 
egg production period (Phase I and II).  Based on previous studies, Waldroup and Hazen (1978), 
and Lilburn and Jensen (1984) and Pescatore et al. (2010) who reported improvement in haugh 
units, we expected to see improvement in haugh units.  The benefit of feeding DDGS to improve 
haugh units in laying hens have not been recently supported by Lumpkins et al. (2005), 
Świątkiewicz and Koreleski (2006), and Pineda et al. (2008), who did not show any 
improvement in interior egg quality when DDGS was fed to laying hens.   
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Specific gravity (an indicator of exterior egg quality) was similar among dietary 
treatments during Phase I.  The laying hen industry uses specific gravity as an indicator of good 
shell quality when the value is 1.08 or above.  During Phase I, average specific gravity values 
were above 1.083.  However; during Phase II, as DDGS levels increased in the diets specific 
gravity (P < 0.005) decreased which indicate poorer shell quality.  Specific gravity was increased 
linearly (P < 0.05) as enzyme treatment supplanted in the diets.  Our result are similar to 
Pescatore et al. (2010), who reported improvement in specific gravity for laying hens fed diet 
contain 15 or 23% DDGS plus Allzyme SSF enzyme.  Calcium digestibility (Table 6) for hen fed 
the enzyme treatments were slightly greater at 51.06% (P = 0.332) compared to non-enzyme 
treatments of 48.74%.  The lower specific gravity seen in hens fed 40% DDGS was likely due to 
lower calcium availability in those hens.  Also may be related to the slight numerical decrease in 
calcium digestibility as DDGS increased.   
Egg yolk color increased linearly (P < 0.05) as DDGS levels increased in the diets with 
the greatest Roche color fan score of 7.8 for hens fed 40% DDGS (Figure 1).  This indicates that 
xanthophylls in the DDGS were highly available.  Dried distillers grains with solubles provide 
more xanthophyll than corn with approximately 34 mg/kg (Sauvant and Tran, 2004), which is 3 
times the corn xanthophylls content of 10.62 mg/kg (NRC, 1994).  
  Apparent N and P retention, nutrient output and apparent metabolizable energy are 
presented in Table 6.  A linear increase (P < 0.0001) in N and P retention was observed as 
DDGS levels increased in the diets.  Nitrogen retention was increased (P < 0.05) for hens fed 
diets with Allzyme SSF enzyme compared to hens fed diets without enzyme treatments.  
Allzyme SSF enzyme addition had no affect on phosphorus retention compared to treatments 
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without enzyme; however, the enzyme treatments were formulated with 0.1% less available P.  
In addition an increase in P retention can be contributed to higher P availability for hen fed the 
enzyme treatments as formulated with 0.1% lowered available P.  Adeola and Ileleji (2009) 
reported a reduction in percent N retention for broiler chicks fed up to 60% corn DDGS.  Our 
data conflict with Adeola and Ileleji (2009); the DDGS levels used in Adeola and co-workers 
study was higher than this study’s, was conducted with broilers compared to layers. The increase 
in N retention may be related to increase in added synthetic Lys and Met as DDGS increased in 
the diets.  Martinez-Amezcua et al. (2006) reported an increase in P bioavailability in DDGS 
from 62 to 72% when phytase enzyme was included in hen diets.  In general, the laying hen 
cannot breakdown phytate (bond phosphorus) in corn, because they lack the enzyme phytase to 
free the phytate phosphorus (McCuaig et al., 1972).  When phytase enzyme is added to poultry 
diets it frees the bound P form the feedstuffs.  In the current study, the Allzyme SSF enzyme was 
included at 200g per ton of feed to liberate 0.1% available P.  
Nutrient outputs per kilogram of DMI are presented in Table 6.  Phosphorous output per 
kilogram of DMI showed a significant (P < 0.001) linear effect decreasing as DDGS increased in 
the diet.  Nitrogen output per kilogram of DMI also linearly decreased as DDGS increased in the 
diets (P < 0.001).   Hens fed diets with enzyme treatments had lower (P < 0.05) N excretion per 
kilogram of DMI compared to hens fed diets without enzyme treatments.  Total N excreted per 
kilogram of DMI decreased by 12.16% when the Allzyme SSF enzyme was supplemented in the 
diets, and  22.0% when DDGS was fed to laying hens at 40%.  Our results are in disagreement 
with Leytem et al. (2008) and Applegate et al (2009).  Both authors reported linear increases in 
N excreted from broilers chicks as levels of DDGS increased in the diets. In addition, in this 
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study the CP levels were maintain isonitrogenous when compared to Lytem and Applegate study, 
both authors allowed CP to increase with increasing DDGS.  In the other hand, Roberts et al. 
(2007), who reported reduction in ammonia emission when laying hens provided with 10% corn 
DDGS.  In addition, Wu-Haan et al. (2010) reported a decrease in daily ammonia emission as the 
amount of DDGS increased from 0 to 20%.  Lower daily NH3 emission rates seen when feeding 
DDGS diets as reported by Roberts et al. (2007) could cause more N to be maintained in the 
manure, or an indication of lower N excretion when feeding DDGS. 
 Apparent metabolizable energy nitrogen corrected (AMEn) (Table 6) was similar between 
the five levels of DDGS and between the enzyme treatments.  The results indicated DDGS 
included in laying hens diet did not affect diet ME even at the highest levels (40%).  Our data are 
in disagreement with Adeola and Ileleji (2010), who reported a linear decreased in energy 
retention as corn DDGS increased from 0 to 60% in both practical and semi-purified diet.  This 
research also showed that with a reduction of dietary ME in the enzyme treatments, the 
supplementation of Allzyme SSF assists in recovery of the reduction of formulated ME. 
 Apparent amino acid digestibility is presented in Table 7.  There were no significant (P > 
0.05) diets by enzyme interaction effects on AA digestibility among the 10 experimental diets.  
There was a significant difference in AA digestibility showing a linear, quadratic and quantic 
effect. However, there were no common patterns between AA digestibility.  Methionine and Ser 
are the only two amino acids which did not show significant differences as levels of DDGS 
increased.  There was a general linear response (P < 0.05) for AA digestibility as DDGS 
increased in the diets.  There was no evidence of improving AA availability with enzyme 
supplementation in this study, except for Cys digestibility (P < 0.05) was increased by enzyme 
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supplementation. Average digestibility for Met, and Lys was 91.1, and 86.68% respectively.  In 
studies reported by Batal and Dale (2006) and Fastinger et al., (2006), average Met, and Lys 
digestibility was 90.5 and 77.8% and 89.55 and 78.4% respectively. Our results indicate similar 
AA digestibility with other published research except with Lys digestibility was generally 
higher.  In previous studies (Parsons et al., 1992), it is clear that extreme heat applied during the 
drying process of DDGS may cause Maillard reactions to negatively affect Lys availability, thus 
reducing the total Lys content of the DDGS.  Batal and Dale (2006) and Fastinger et al., (2006) 
have reported that true digestibility of amino acids in DDGS varied significantly among ethanol 
plants and it could potentially vary from batch to batch within the same ethanol plant.  Also 
when increasing DDGS in laying hens diet, Lys content in the diet will be supplemented from 
synthetic source and that may influence the higher Lys digestibility seen in this study.   
Previous research has shown that DDGS are an acceptable ingredient in laying hen diets.  
Roberson et al. (2005), Lumpkins et al. (2005) and Świątkiewicz and Koreleski (2006) 
recommend a usage rate up to 15% DDGS in laying hens diets to maintain egg production.  In 
the current study, results indicated that feeding corn DDGS up to 30% had no negative effects on 
egg production parameters during both Phases of egg production.  Feeding DDGS showed an 
increase in N and P digestibility as levels of DDGS increased in the diet.  The reductions in N 
and P excretion were positive impacts of feeding greater levels of DDGS.  Allzyme SSF enzyme 
improved N and P digestibility and assisted in recouping 75 kcal/kg ME.  In addition, DDGS can 
replace dicalcium phosphate in layer diets to reduce feed costs.  Feeding SSF enzyme had an 
economical benefit of $10.27/ metric ton, and $11.92/ metric ton and feeding 30% DDGS had a 
benefit of $31.16/metric ton and $28.58/ metric ton of feed for Phase I and Phase II compared to 
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0% DDGS.  Feeding high inclusion rates of DDGS is possible if attention is given to AA balance 
and availability, mainly, Lys and Met.    
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Table 4.1 Experimental diet composition for Phase I (as-fed basis). 
Ingredient                                                     Diet 1         Diet 2         Diet 3        Diet 4         Diet 5         Diet 6         Diet 7         Diet 8        Diet 9       Diet 10 
                                                                                                                                                                (%)     
Corn  58.54 61.57 53.62 56.39 48.74 51.74 43.87 46.57 38.97 42.82 
Soybean meal1, 48% CP  25.96 25.38 20.82 20.23 15.67 15.06 10.51   9.87   5.36   3.49 
Dried distiller grains with solubles   0.00   0.00 10.00 10.00 20.00 20.00 30.00 30.00 40.00 40.00 
Limestone     8.96   8.63   9.13   9.18   9.29   9.35   9.47   9.53   9.64   9.78 
Dicalcium phosphate     2.14   1.55   1.91   1.31   1.67   1.07   1.44   0.83   1.20   0.60 
Fat blend     3.70   2.15   3.79   2.13   3.87   2.01   3.94   2.40   4.03   2.48 
NaCl    0.40   0.39   0.36   0.36   0.32   0.31   0.27   0.27   0.23   0.23 
HCl-Lysine    0.03   0.04   0.11   0.12   0.19   0.19   0.26   0.27   0.34   0.35 
DL-Methionine    0.17   0.17   0.16   0.16   0.15   0.15   0.14   0.14   0.13   0.13 
Allzyme® SSF Enzyme   0.00   0.02   0.00   0.02   0.00   0.02   0.00   0.02   0.00   0.02 
Vitamin and mineral premix 2    0.10   0.10   0.10   0.10   0.10   0.10   0.10   0.10   0.10   0.10 
 
Calculated nutrient composition  
    
ME3, kcal/kg 2,875 2,800 2,875 2,800 2,875 2,800 2,875 2,800 2,875 2,800 
CP, % 16.75 16.75 16.75 16.75 16.75 16.75 16.75 16.75 16.75 16.75 
TSAA, %4   0.72   0.72   0.75   0.75    0.78   0.78    0.80   0.80   0.83   0.83 
Methionine%   0.44   0.44   0.44   0.44   0.44   0.44   0.44   0.44   0.44   0.44 
Lysine%   0.88   0.88   0.88   0.88   0.88   0.88   0.88   0.88   0.88   0.88 
Ca, %   3.95   3.85   3.95   3.85   3.95   3.85   3.95   3.85   3.95   3.85 
Non-phytate P, %   0.49   0.39   0.49   0.39   0.49   0.39   0.49   0.39   0.49   0.39 
Total P, %   0.70   0.61   0.70   0.60   0.69   0.59   0.68   0.58   0.67   0.57 
CF, %   1.60 1.61   1.96   1.97   2.31   2.33   2.67   2.69   3.03   3.04 
           
Analyzed nutrient composition           
CP, % 16.94 16.76 17.00 17.11  17.35 16.33 16.89 16.44 16.69 16.76 
EE5 %   4.99   3.75    5.27   4.48    6.20   5.41   7.33   6.58   8.28   7.46 
Ca, %   3.23   3.07   3.19   3.07    3.49   3.31   3.39   3.23   3.23   3.07 
Total P, %   0.66   0.60   0.65   0.64    0.66   0.58   0.71   0.65   0.68   0.65 
Price ($/Metric ton)6 241.08 232.20 233.43 223.46 225.67 214.27 217.63 208.22 209.92 198.24 
1Soybean meal incorporated into the diet was high protein (48% CP) soybean meal. 
2Vitamin and mineral Premix provided the following per kilogram: vitamin A (retinyl acetate, 6,600 I.U.); vitamin D3 (2,805 I.U.); vitamin E (D,L-α-tocopheryl acetate, 10 
I.U.); vitamin K3 (menadione dimethpyrimidinol, 2.0 mg); riboflavin (4.4 mg); pantothenic acid (6.6 mg); niacin (24.2 mg); choline (110 mg−1); biotin, 8.8 mg−1; and 
ethoxyquin (1.1 mg/kg). Mn (MnO, 88 mg); Cu (CuSO45H2O, 6.6 mg); Fe (FeSO4H2O, 8.5 mg); Zn (ZnO, 88 mg); and Se (Na2SeO3, 0.30 mg). 
3M.E. values for ingredients used in diet formulation were based on laying hens’ requirement in NRC (1994) 
4TSAA values based on total cysteine and methionine.    
5
 Ether extract represent total the fat content in the diet. 
6
 Feed prices are calculated when corn, SBM and DDGS priced at $150, $326, $154 /Metric ton respectively.  
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Table 4.2 Experimental diet composition for Phase II (as-fed basis). 
Ingredient                                                 Diet 1        Diet 2        Diet 3         Diet 4        Diet 5       Diet 6        Diet 7       Diet 8        Diet 9      Diet 10 
                                                                                                                                                             (%)    
Corn  59.41 62.80 54.92 57.89 50.00 53.02 45.13 48.11 39.01 43.21 
Soybean meal1, 48% CP  24.64 24.09 19.49 18.94 14.35 13.75   9.20   8.64   5.29   3.49 
Dried distiller grains with solubles   0.00   0.00 10.00 10.00 20.00 20.00 30.00 30.00 40.00 40.00 
Limestone     9.96   9.59   9.72   9.77   9.89   9.94 10.06 10.11 10.23 10.28 
Dicalcium phosphate     2.04   1.48   1.80   1.24   1.57   1.01   1.33   0.77   1.10   0.54 
Fat blend     3.26   1.34   3.35   1.42   3.44   1.52   3.52   1.57   3.58   1.66 
NaCl    0.40   0.39   0.36   0.36   0.32   0.31   0.27   0.27   0.23   0.23 
HCl-Lysine    0.03   0.04   0.11   0.12   0.19   0.20   0.26   0.28   0.34   0.35 
DL-Methionine    0.16   0.15   0.15   0.14   0.14   0.13   0.13   0.13   0.12   0.12 
Allzyme® SSF Enzyme   0.00   0.02   0.00   0.02   0.00   0.02   0.00   0.02   0.00   0.02 
Vitamin and mineral premix 2    0.10   0.10   0.10   0.10   0.10   0.10   0.10   0.10   0.10   0.10 
 
Calculated nutrient composition  
    
ME3, kcal/kg 2,850 2,775 2,850 2,775 2,850 2,775 2,850 2,775 2,850 2,775 
CP, % 16.25 16.25 16.25 16.25 16.25 16.25 16.25 16.25 16.25 16.25 
TSAA, %4   0.70   0.70   0.72   0.72   0.75   0.75   0.78   0.78   0.80   0.81 
Methionine%   0.42   0.42   0.42   0.42   0.42   0.42   0.42   0.42   0.42   0.42 
Lysine%   0.85   0.85   0.85   0.85   0.85   0.85   0.85   0.85   0.85   0.85 
Ca, %   4.15   4.05   4.15   4.05   4.15   4.05   4.15   4.05   4.15   4.05 
Non-phytate P, %   0.47   0.37   0.47   0.37   0.47   0.37   0.47   0.37   0.47   0.37 
Total P, %   0.68   0.58   0.67   0.57   0.66   0.56   0.65   0.55   0.64    0.55 
CF, %   1.58   1.60   1.93   1.96   2.29   2.32   2.65   2.67   3.01   3.03 
Analyzed nutrient composition     
CP, % 16.16 16.2 16.29 16.14 16.22 16.14 16.17 16.14 16.17 16.16 
EE5 %   4.82   4.00   5.79   4.59   6.65   5.52   7.49   6.40   8.59   7.34 
Ca, %   4.12   3.92   4.17   4.07   4.19   4.07   4.04   3.91   3.97   3.77 
Total P, %   0.68   0.66   0.71   0.70   0.68   0.65   0.68   0.62   0.72   0.68 
Price ($/Metric ton)6 234.34 223.04 227.06 215.26 219.41 207.59 211.41 200.20 205.76 192.29 
1Soybean meal incorporated into the diet was high protein (48% CP) soybean meal. 
2Vitamin and mineral Premix provided the following per kilogram: vitamin A (retinyl acetate, 6,600 I.U.); vitamin D3 (2,805 I.U.); vitamin E (D,L-α-tocopheryl 
acetate, 10 I.U.); vitamin K3 (menadione dimethpyrimidinol, 2.0 mg); riboflavin (4.4 mg); pantothenic acid (6.6 mg); niacin (24.2 mg); choline (110 mg−1); biotin, 
8.8 mg−1; and ethoxyquin (1.1 mg/kg). Mn (MnO, 88 mg); Cu (CuSO45H2O, 6.6 mg); Fe (FeSO4H2O, 8.5 mg); Zn (ZnO, 88 mg); and Se (Na2SeO3, 0.30 mg). 
3M.E. values for ingredients used in diet formulation were based on laying hens’ requirement in NRC (1994) 
4TSAA values based on total cysteine and methionine.    
5
 Ether extract represent total the fat content in the diet. 
6
 Feed prices are calculated when corn, SBM and DDGS priced at $150, $326, $154 /Metric ton respectively.
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Table 4.3 Analyzed amino acids composition for Phase II experimental diets (as-fed basis). 
DDGS (%) 0 0 10 10 20 20 30 30 40 40 
Enzyme1 - + - + - + - + - + 
A. A.                      (%)     
Lys 0.98 0.90 0.86 0.86 0.96 0.90 0.86 0.87 0.90 0.86 
Met 0.40 0.41 0.45 0.41 0.41 0.45 0.37 0.36 0.40 0.39 
Cys 0.30 0.29 0.30 0.32 0.32 0.34 0.32 0.32 0.33 0.35 
His 0.42 0.41 0.40 0.43 0.45 0.44 0.42 0.40 0.44 0.41 
Ser 0.88 0.83 0.82 0.87 0.89 0.89 0.86 0.83 0.86 0.85 
Asp 1.67 1.59 1.42 1.55 1.42 1.40 1.28 1.26 1.17 1.18 
Iso 0.59 0.57 0.54 0.59 0.59 0.59 0.54 0.53 0.55 0.54 
Leu 1.38 1.35 1.46 1.55 1.67 1.69 1.68 1.59 1.80 1.75 
Tyr 0.52 0.50 0.51 0.53 0.57 0.57 0.54 0.53 0.57 0.55 
Thr 0.63 0.58 0.58 0.60 0.62 0.62 0.60 0.56 0.61 0.58 
Val 0.67 0.65 0.65 0.70 0.72 0.73 0.69 0.63 0.70 0.69 
Phe 0.77 0.76 0.74 0.80 0.83 0.81 0.77 0.75 0.78 0.76 
Ala 0.81 0.81 0.87 0.92 1.00 1.05 1.05 1.00 1.14 1.09 
Arg 1.03 0.94 0.89 0.92 0.91 0.87 0.82 0.80 0.77 0.76 
Gly 0.69 0.64 0.63 0.68 0.68 0.68 0.65 0.63 0.66 0.64 
1Enzyme formulas have -75 kcal ME/kg, -0.1% calcium, and -0.1% available phosphorus compared to regular formulas. 
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Table 4.4 Distillers dried grains with soluble ingredients composition (Dakota Gold BPX)1 
Item Value (as fed basis) 
 
 
 
(%) 
  
DM 90.5 
CP 27.0 
Crude fat 10.3 
Crude fiber 6.4 
ME, kcal/kg2  2,800 
ADF 8.2 
NDF 24.1 
Phosphorus3 0.85 
Sodium 0.22 
Arg 1.31 
Ly 0.97 
Met 0.51 
Cys 0.86 
Leu 3.02 
Iso 0.97 
1Data obtained from Poet Nutrition, http://www.dakotagold.com/products/dakotagold.asp, (September, 2008). 
2M.E. value was represented as kcal/kg 
3
 Total estimate P content, 0.47% is the available P by accounting 55% of total P is available.  
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Table 4.5 Egg production data Phase I and II: feed intake, BW, egg production, egg weight, egg mass, Haugh units and 
specific gravity.  
Items Enzyme 
(SSF) 
Feed intake 
(g/d) 
BW3  
(kg) 
Gain4 
(kg) 
Egg production 
 (%) 
Egg wt 
(g) 
Egg Mass 
(g/hen/day) 
Haugh units Specific gravity 
 
Phase  I1 II2 I II      I    II I II I II I II I II 
 
    
 
     
 
     
%DDGS                 
0  102.31 102.91 1.500 1.593 0.221 92.71 82.86 55.71 61.12 49.93 51.03 105.22 101.94 1.0843 1.0816 
10  101.37 101.20 1.467 1.566 0.220 92.69 82.86 55.71 61.39 49.72 51.21 105.34 102.06 1.0841 1.0816 
20  101.50 101.72 1.466 1.584 0.221 92.24 82.98 55.56 61.31 48.64 51.15 105.37 102.00 1.0842 1.0813 
30  101.48 102.66 1.452 1.562 0.219 92.04 82.76 55.31 60.91 48.36 50.41 105.27 101.86 1.0842 1.0807 
40  103.96 102.73 1.475 1.598 0.218 90.39 82.32 54.57 60.42 46.27 49.84 105.60 101.96 1.0841 1.0794 
 
               
%Enzyme                
0 - 101.89 102.26 1.479 1.588 0.215 91.98 82.59 55.37 60.95 48.66 51.01 105.57 102.11 1.0828 1.0803 
0.02 + 102.36 101.89 1.465 1.572 0.209 92.04 82.52 55.04 61.19 48.15 52.26 105.14 101.99 1.0855 1.0814 
  
DDGS x Enzyme 
0 - 101.52 103.12 1.518 1.604 0.244 92.77 82.97 53.94 61.78 50.40 52.65 105.41 102.05 1.0838 1.0810 
0 Mod.5 + 103.11 102.70 1.483 1.581 0.237 92.65 82.75 52.95 60.46 49.45 51.41 105.03 101.95 1.0849 1.0814 
10 - 102.21 101.25 1.477 1.603 0.209 92.66 82.95 52.87 60.07 49.53 51.45 105.48 102.28 1.0828 1.0812 
10 Mod. + 100.54 101.50 1.458 1.531 0.192 92.72 82.89 53.56 62.71 49.92 52.97 105.20 102.84 1.0855 1.0819 
20 - 101.47 102.07 1.475 1.591 0.211 92.15 82.92 53.04 61.86 47.90 51.40 105.66 102.21 1.0826 1.0810 
20 Mod. + 101.54 101.36 1.457 1.576 0.232 92.34 82.94 52.36 61.20 47.40 50.90 105.08 101.89 1.0858 1.0816 
30 - 108.07 103.13 1.437 1.551 0.215 92.07 82.69 53.04 60.36 48.38 49.91 105.56 102.45 1.0827 1.0797 
30 Mod. + 101.88 102.20 1.466 1.572 0.204 92.02 82.82 52.76 61.45 48.55 50.93 104.98 101.96 1.0857 1.0818 
40 - 103.19 102.74 1.489 1.596 0.215 90.29 81.71 53.19 60.68 47.55 49.61 105.76 102.28 1.0824 1.0784 
40 Mod. + 104.73 102.72 1.461 1.599 0.212 90.49 82.93 52.27 60.20 45.44 50.08 105.44 101.93 1.0859 1.0804 
 
                
SEM                 
DDGS x Enzyme 1.412 1.447 0.094 0.040 0.026 3.052 1.528 0.632 0.769 0.769 0.877 0.545 0.616 0.0038 0.0006 
 
               
P-value6                
DDGS                 
     L  0.327 0.998 0.989 0.873 0.649 0.317 0.287 0.178 0.615 0.001 0.001 0.926 0.221 0.736 0.005 
Enzyme                 
     L  0.938 0.808 0.514 0.818 0.412 0.944 0.374 0.616 0.362 0.725 0.123 0.065 0.378 0.002 0.002 
DDGS x Enzyme  0.752 1.000 0.997 0.824 0.195 0.998 0.944 0.698 0.069 0.773 0.740 0.998 0.918 0.898 0.437 
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Table 4.5 continues 
 
1 Phase I was an average of weeks 23 to 43. 2 Phase II was an average of weeks 44 to 64. 
3
 Body weight is the average of pen (4 hens).4 Average weight gain from start weight to end weight. 
5 Modified formulas have -75 kcal ME/kg, -0.1% calcium, and -0.1% available phosphorus compared to regular formulas. 
6
 There was no significant quadratic response. 
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Table 4.6 Apparent retention (%) of, nitrogen, phosphorus, calcium, excretion of fecal nitrogen and phosphorus and apparent 
metabolizable energy (AME). 
 
Item  
                             Corn DDGS (%)                                        Enzyme                                           P - value     
    0                10             20              30              40              -                +           SEM        Enzyme2            L2                Q2 
Apparent retention (%) 
N 50.58 54.95 60.44 68.58 67.29 58.02 62.71 2.461 0.017 0.001 0.393 
P 24.75 29.76 34.30 41.70 36.97 33.14 33.86 3.553 0.691 0.001 0.159 
Ca 51.78 48.61 51.44 49.76 47.91 48.74 51.06 2.263 0.332 0.474 0.894 
Nutrient output (g/kg DM intake)  
N  12.81 11.64 10.25 8.13 8.47 10.87 9.65 0.957 0.017 0.001 0.387 
P 5.35 4.94 4.61 4.08 4.42   4.68 4.68 0.335 0.999 0.001 0.112 
Apparent Metabolizable energy nitrogen corrected(kcal/kg) 
AMEn 2,944 2,983 2,963 2,969 2,985 2,976 2,963 24.99 0.520 0.257 0.941 
1Values are means of 6 replicate cages with 4 birds per cage, n=60. 
2
 Probability values enzyme as linear response, linear (L) and quadratic (Q) contrast among DDGS.  
  
 
  
 
  
 
102 
Table 4.7 Amino acid digestibility for hen fed graded levels of dried distillers grains with 
solubles and Allzyme SSF enzyme.  
Items  Lys Met Cys  His Ser Asp Iso Leu Tyr Thr Val Phy Ala Arg Gly 
                                                                                                                            (%)                                                                                                       
%DDGS 
0  87.42 90.77 84.06 89.28 87.62 86.72 85.51 88.78 87.62 82.53 84.29 88.64 84.45 90.98 76.83 
78.17 
79.24 
80.24 
79.02 
10  86.78 91.94 85.83 89.81 87.23 85.87 85.93 90.49 88.49 83.23 85.94 89.27 87.11 90.73 
20  87.93 91.67 86.51 90.53 88.04 86.06 87.10 91.68 89.66 84.10 86.88 90.23 88.65 90.65 
30  85.68 90.44 86.01 89.57 87.03 83.14 83.68 90.42 87.83 81.43 83.75 88.38 86.33 89.28 
40  85.63 90.70 85.84 89.32 86.71 82.75 84.19 90.86 88.18 81.33 84.48 88.66 87.51 88.32 
 
               
%Enzyme                
0 - 86.54 90.83 85.05 89.57 86.89 84.52 84.96 90.29 88.17 82.35 84.87 88.80 86.50 89.95 78.54 
78.85 0.024 + 86.83 91.37 86.25 89.84 87.35 85.30 85.61 90.61 88.54 82.68 85.27 89.27 87.12 90.04 
 
SEM                 
DDGS x Enzyme 0.759 0.579 0.502 0.493 0.624 0.872 0.824 0.447 0.637 0.884 0.874 0.546 0.715 0.606 1.074 
 
                
P-value                 
DDGS                          
      L 0.006 NS 0.013 NS NS 0.001 0.011 0.001 NS 0.037 NS NS 0.001 0.001 0.010 
      Q NS NS 0.005 0.015 NS NS NS 0.001 0.018 0.032 NS 0.018 0.007 NS NS 
      Qa 0.021 NS NS NS NS NS 0.006 0.027 0.028 NS 0.034 0.015 0.021 NS NS 
Enzyme                
      L NS NS 0.010 NS NS NS NS NS NS NS NS NS NS NS NS 
DDGS x Enzyme 0.249 0.547 0.377 0.867 0.763 0.629 0.592 0.620 0.549 0.855 0.963 0.593 0.663 0.434 0.768 
1 Phase I was an average of weeks 23 to 43. 
2 Phase II was an average of weeks 44 to 64. 
3
 Body weight is the average of pen (4 hens). 
4 Modified formulas have -75 kcal ME/kg, -0.1% calcium, and -0.1% available phosphorus compared to regular formulas.
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Figure 4.1 Average yolk color for laying hens fed diet containing graded levels of Corn distillers grains with solubles  (x access) 
according to Roche Fan Color scale (y access) from 23to 64 wk of age. A linear increase (P < 0.001) in yolk color score as DDGS 
levels increase in hen’s diet, n=60.    
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Appendix A.  Gross Energy Determination of feed or feces 
 
1- Approximately 1 g of the sample of feed was pelleted in Parr pellet press.  
2-  The combustion capsule was weighed accurately, and with a forceps, the pellet was 
placed in the capsule and was weighed.   
3- In case of fecal material, 0.2g of feces was weighted in the capsule with addition of 0.4g 
of mineral oil.  
4-  The bomb calorimeter was charged with the sample with an approximately 10 cm long 
fuse (nickel alloy wire) was attached to the electrodes and the wire loop was allowed to 
touch the surface of the charge containing the capsule.  
5- Then, 1ml of distilled water was added to the bottom of the bomb which functions as a 
sequestering agent and absorbent.   
6- Then, the bomb was loaded and was charged with oxygen with pressure of 30 
atmospheric pressure.   
7- The calorimetric bucket was filled with 2 liters of distilled water.  Then the bucket was 
set in the calorimeter and the lifting handles were attached to the two holes in the side of 
the screw cap and the bomb was lowered into the water with its feet spanning the 
circular boss in the bottom of the bucket.   
8- The bomb clorimeter cover was closed and the thermometer bracket was lowered.  
9-  The power switch was turned on and the calorimeter was run for 5 min while the 
controller brings the jacket temperature to equilibrium with the bucket. 
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10-  After the temperature was equalized, the initial temperature was recorded. Fire the 
bomb and the final temperature was recorded once the temperature reaches a stable 
maximum and remains constant for at least two minutes.  
11- Bomb then removed and the interior of the bomb was washed with distilled water. 
12-  The unburned piece of fuse wire was measured.  
13- The bomb washings were then titrated with standardized sodium carbonate solution 
using methyl red indicator till the solution changes from red to yellow.  
14- The volume and the normality of sodium carbonate solution used were recorded. 
15-  The gross energy of combustion was calculated from the equation:  
                                          GE = tW-e1-e2/m;  
 t is the temperature difference (final-initial) 
W is the energy equivalent of calorimeter  
e1 is the correction in calories for heat of formation of nitric acid  
e2 is the correction in calories for heat of combustion of fuse wire 
m is the mass of the sample in grams.  
e1 = Normality of actual Na2CO3/0.0725 x Nomality of ideal Na2CO3   X C1 
e2= 2.3 x C2 
C1 = ml of standard Na2CO3 used in acid titration 
C2 = net length of fuse wire burned, cm. 
 
  
106 
 
 
Appendix B.  Nitrogen Determination of feed or feces 
 
      The amino nitrogen is oxidized by sulfuric acid in the presence of a catalyst to 
ammonium sulfate. Sodium hydroxide is added, converting the ammonium ion to NH3, 
which is collected by distillation. The NH3 is then quantitatively titrated. 
Reagents 
1. 50 % Sodium Hydroxide 
2. 0.1% Bromocresol Green 
3. 0.1% Methyl Red 
4. 4% Boric acid witn indicators 
5. 0.15 N HCl for titration  
Digestion: 1.0 g of feed sample or 0.5g of feces sample was weighted into Kjeltec digestion tube 
along with two blank tubes and two kjeltabs (catalyst) were added to the tubes. 15 ml of 
concentrated H2SO4 was added and swirled gently to wet the sample. The samples were digested 
in a block digestor set at 420°C for 60 min. The digestor was then allowed to cool for 5 min and 
80 ml of water was added, shaking it to dissolve any crystals that may form. 
Distillation: The digestion tube was placed in the distillation apparatus and receiver flasks were 
filled with 25 ml of red boric acid solution. The distillation apparatus adds alkali and distill the 
ammonia over into the receiver flask.  After distillation the solution in the receiver flask turned 
green.  
Titration:  The solution in the receiver flask was titrated against 0.15 N HCl until a purple-rose 
endpoint is reached and the volume of HCl added was recorded. 
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       The percentage protein in the sample was calculated by: 
   % protein = (ml HCl – ml blank) x normality of HCl x 14.007 x 6.25/g of sample x 10; 
where 6.25 is the constant for calculating % crude protein from % nitrogen.  
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Appendix C.  Calcium Determination of feed 
 
    4 g of dried feed samples in a crucible was placed in muffle furnace. Ashed for 6h at 
600°C. The samples were then cooled and 10 ml of 3 M HCl was added to the ash in the 
crucible. The samples were boiled for 10 min, cooled and washed into a 100 ml volumetric 
flask. Samples were filtered into a plastic tube and were used for calcium assay. 
Reagents: 
1. 0.3 N HCl 
2. 15 g strontium chloride in 100 ml water. This will contain 50 mg Sr/ml 
3. Calcium standard solutions  
4. Blank (water) 
5. Diluted samples (1:50000) 
      The standards were prepared by pipetting 0.1, 0.2, 0.3, 0.4 and 0.5 ml of stock Ca (1000 
ppm)   into five different 100 ml volumetric flasks. To each of these flasks add 10 ml water, 4 
ml 50 mg/ml strontium solution and made up the volume with 0.3 N HCl. Blank was prepapred 
by pipetting 10 ml water and 4 ml 50 mg/ml strontium solution and made up the volume with 
0.3 N HCl.  
        The samples and standards were allowed to stand for 1 hr and were analyzed using 
Atomic Absorption Spectrophotometer under set conditions. 
% Ca = Absorbance x dilution factor/106 x sample wt. X 100 
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Appendix D.  Phosphorus Determination of feed or feces  
 
       4g of dried feed samples in a crucible was placed in muffle furnace. Ash for 6h at 
600°C. The samples were then cooled and 10 ml of 3 M HCl was added to the ash in the 
crucible. The samples were boiled for 10 min, cooled and washed into a 100 ml volumetric 
flask. Samples were filtered into a plastic tube and were used for phosphorus assay. 
Reagents: 
1. 2 L of molybdovanadate  
2. Phosphorus standard (2mg P/ml). Dissolve 8.788 g potassium orthophosphate, 
dihydrogen (KH2PO4) in water and dilute to 1 liter. Working standards contain 10, 
20, 30, 40 and 50 µg P/ml)  
3. Sample solution with diluted factor of (1:1000). 
4. Blank (4 ml molybdovanadate to 1ml water)  
             4ml of  molybdovanadate reagent was added to 1ml of each standard and sample 
and    mixed  well. Allowed to stand for 10 min and the absorbance was read at 400 nm on 
UV-VIS Shimadzu spectrophotometer. 
             % P = Absorbance x dilution factor/106 x sample wt. X 100 
 
 
